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REPORT. 
1. 

SUMMARY  STATEMENT. 


The  field  work  has  been  continued  by  Mr.  Upham,  aided  in  July  and  August  by 
Mr.  H.  V.  Winchell.  The  field  of  examination  has  been  the  no^th-ctntral  and 
north  western  portions  of  the  State.  These  counties  are  almost  entirely  covered 
with  a  heavy  sheet  of  drift,  and  necessarily,  most  of  the  recorded  observations  and 
investigations  have  related  to  the  surface  geology,  and  a  large  fund  of  valuable  in- 
formation has  been  added  by  Mr.  Upham  to  the  historical  geology  of  the  Quater- 
nary Age.  That  ancient  body  of  inland  water  which  in  former  reports  has  been 
styled  Lake  Agastie,  has  been  found  to  have  extended  its  highest  shore  line  far  to- 
ward the  east,  in  the  northern  part  of  the  State,  probably  including  within  its 
limits  the  present  Red  and  liamj-  lakes,  and  the  Lake  of  the  Woods,  giving  the 
well  known  topographic  features  of  the  Red  River  Valley,  to  a  much  larger  extent 
of  territory  in  Minne.-ota  than  had  formerly  been  supposed,  even  quadrupling  the 
known  area  pertaining  to  the  valley  as  heretofore  limited.  Not  only  is  this  a  valu- 
able accession  to  the  known  agricultural  capabilities  of  Minnesota,  but  the  results 
attained  in  other  directions,  are  equally  valuable  to  science.  The  beach  lines  of 
Lake  Agassiz  have  been  subjected  to  a  careful  inspection  over  a  distance  north  and 
south  of  about  one  hundred  and  seventy-five  miles,  resulting  in  the  discovery  of 
some  peculiarities  which  have  a  direct  bearing  on  their  formation  and  history,  and 
aid  in  filling  out  an  obscure  chapter  in  the  geology  of  the  Ice  Age  Some  of 
these   peculiarities  may  be  mentioned  brieliy. 

The  lake  had  three  stationary  periods,  forming  three  beaches.  They  all  ascend 
above  a  given  datum  level -toward  the  north,  the  rate  increasing  in  going  toward 
the  north.  The  highest  beach  line  ascends  one  hundred  and  twenty-five  feet  in 
about  one  hundred  and  fifty  miles,  the  beach  being  one  continuous  shore  line.  The 
northern  portion  of  the  lake  fell  at  intervals  from  this  high  beach-line,  forming 
lower  beaches  successively  at  about  eight,  fifteen,  thirty,  and  forty  fe(M,  while  the 


Digitized  by  VjOOQIC 


6  TENTH  ANNUAL   RFPORT 

water  level  in  the  extreme  southern  part  stood  nearly  stationnrv,  the  northern  frac- 
tional beaches  converging  into  one  toward  the  southern  extremity  of  the  lake.  The 
next  distinct  beach  found  in  the  southern  part  of  the  region  ascends  toward  the  north 
seventy  feet  in  one  hundred  and  tifty  miles.  The  surface  of-the  lake  had  now  fallen 
thirty  feet  in  Traverse  and  Grant  counties,  fifty  feet  in  northern  Clay  county,  and 
ninety  feet  northwest  of  Maple  lake.  The  fall  of  the  lake  had  therefore  been  sixty 
feet  more  at  the  northern  than  at  the  southern  end.  Double  and  multiple  ridges 
occur  along  the  northern  half  of  this  distance.  The  third  beach-line,  formed  wJien 
the  outlet  had  been  excavated  to  the  level  of  Lake  Traverse,  is  known  along  a  dis- 
tance of  one  hundred  and  thirty-five  miles,  and  its  northward  ascent  was  at  first 
fifty  feet  and  and  afterward  only  about  tAventy-five  feet.  Toward  the  northern  ex- 
tent of  this  beach  are  also  additional  lower  beaches,  indicating  a  halting  descent  of 
the  water  level.  The  fall  of  Lake  Agassi/,  from  the  highest  ]>each  level  to  the 
third,  at  Lake  Traverse, -was  about  eighty  feet,  and  in  the  vicinily  of  Maple  Lak^ 
one  hundred  and  sixty-five  feet.  But  the  rate  of  aseent  of  this  third  beach-line  is 
less  in  the  northern  portion  than  towai*d  the  south.  These  phenomena  seem  in- 
consistent with  that  hypothesis  which  supposes  an  elevation  of  northern  land  as  a 
barrier  to  contain  this  vast  inland  lake,  inasmuch  as  these  beaches  w^ould  have  to 
present  a  slope  in  the  opposite  direction  in  order  to  change  the  outlet  from  Lake 
Traverse  to  Hudson's  Bay.  The  same  kinds  of  beaches  appear  about  the  .southern 
shores  of  Lake  Erie  and  Michigan,  and  have  often  been  referred  to  in  geological 
reports  They  have  been  ascribed  to  the  operation  of  the  glacial  period  in  the 
epoch  of  its  decline,  when  the  ice  still  existed  toward  the  north  as  a  barrier  to  pre- 
vent northern  drainage.  The  same  obstruction  must  have  exi.sted  in  the  Red  River 
Valley,  and  in  the  opinion  of  Mr.  Upham,  ils  attraction  was  sufficient  to  move  the 
mass  of  the  water  towanl  itself  and  to  cause  an  ascending  shore  line  in  that  direc- 
tion. An}'  such  barrier,  operating  inversely  as  the  squares  of  its  distance  from  dif- 
ferent parts  of  the  lake,  would  thus  cause  a  more  rapid  ascent  in  those  portions  of 
the  shore  line  near  it  than  in  those  more  remote. 

Ijake  Agassiz,  probably  covered  Red  Lake  under  fifty  or  one  hundred  ffet  of 
water  above  its  present  level,  Lake  of  the  Woods  under  about  two  hundred  feet, 
the  Red  River  Valley  at  St.  Vincent,  four  hundred  and  fifty  feet,  and  Lake  Win- 
nipeg, about  six  hundred  feet.  It  is  supposed  to  have  extended  east  as  far  as  the 
east  end  of  l^iny  Lake,  but  no  definite  statements  can  be  made  yet  concerning  the 
northern  slope  of  the  State  between  Red  Lake  and  Vermilion  Lake. 

The  distribution  and  characters  of  the  crystalline  rocks  in  the  central  portion  of 
the  Htate,  including  the  counties  of  Stearns,  Sherburne,  Benton,  Morrison,  Mille 
Lacs,  Kanabec,  Aitkin  and  Todd,  and  portions  of  Carlton  and  Pine,  have  also  been 
ascertained  by  Mr,  Upham. 

The  failing  health  of  Mr.  C.  M.  Terry,  rendered  it  necessary  for  him  to  suspend 
active  work  about  the  middle  of  May.  A  trip  to  Florida  affoi-ded  him  no  relief, 
still  he  was  preparing  to  resume  work  on  the  survey  in  the  latter  part  of  summer, 
when  he  was  taken  worse  and  he  died. 

His  contribution  to  the  last  report  of  progress,  pertaining  to  the  Hydrology  of 
the  State,  shows  the  carefulness  and  the  scope  of  his  work.  His  perseverance  and 
industry  were  remarkable,  and  theamount  he  accomplished,  with  his  feeVile health, 
was  a  surprise  to  those  who  knew  the  obstacles  under  which  he  labored.     He  has 
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left  some  maps,  notes,  and  incomplete  manuscript,  which  will  be  made  to  contri- 
bute in  his  name,  to  the  completion  of  the  subject  to  which  they  pertain.  I  can- 
not forbear  at  this  place,  giving  testimony  to  his  uniformly,  cheerful  disposition 
and  urbane  personal  bearing,  his  high  integrity,  his  zeal  and  industry,  and  his 
truly  scientific  methods  of  work  and  thought.  Having  spent  some  years  in  the 
christian  ministry,  one  of  the  most  instructive  facts  of  his  brief  labors  for  the  sur- 
vey, is  the  ease  and  quickness  with  which  he  turned  himself  to  purely  scientific 
pursuits.  He  began  with  careful  laboratory  work,  requiring  patient  mechanical 
manipulation,  and  he  succeeded  from  the  outset.  Whatever  he  undertook,  he 
knew  how  to  accomplish  at  once.  Having  a  trained  mind,  it  was  no  task  for  him 
to  apply  it  vigorously  and  persistently,  in  a  new  field  of  labor.  A  general  sugges- 
tion, or  an  intimation  as  to  the  direction  to  be  given  to  liis  labor,  was  all  that  was 
necessary.  Had  he  been  able  to  finish  the  work  that  he  had  in  hand,  one  of  the 
most  useful,  thorough  and  instructive  chapters  of  the  final  report  of  the  survey 
would  have  been  written  by  him. 

Mr.  C.  L.  Herrick  continued  to  work  in  the  laboratory  of  the  survey  and  in  the 
Museum,  till  the  first  of  July.  He  sailed  for  Europe  in  September,  and  is  studying 
in  Leipzig.  A  contribution  of  his  to  the  survey  reports  has  been  under  way  ever 
since  the  publication  of  his  paper  on  Microscopic  ErUomotiraca  in  the  seventh  annual 
report. 

My  personal  labor  has  been  given  to  the  preparation  of  chapters  for  the  final  re- 
port, wliich,  with  the  prosecution  of  the  building-stone  investigation,  the  office 
and  executive  duties,  and  the  conduct  of  the  last  annual  report  through  the  press* 
have  occupied  my  whole  time.  It  has  been  necessary  to  visit  most  of  the  quarry- 
ing localities  in  onier'to  obtain  .samples  of  suitable  size  for  use  in  the  examination 
of  the  building-stones  of  the  State.  At  the  same  time  the  quarrying  statistics  of 
the  State  were  furnished  the  U.  S.  census  for  1880,  and  additional  samples  were 
forwarded  to  Washington  to  be  subjected  to  a  careful  analytical  examination  by 
the  government,  calculated  to  further  elucidate  the  nature  of  the  rocks  of  Minne- 
sota. 

In  the  Museum  report  will  be  seen  the  recorded  additions  to  the  collections,  and 
their  sources.  No  important  purchases  or  changes  have  been  made  either  in  the 
material  of  tlie  collections  or  arrangements  of  the  Museum  rooms.  There  will  be 
no  occasion  to  make  important  changes  before  the  erection  of  the  new  building  for 
the  use  of  the  Mmaeum,  which  has  been  ordered  by  the  State  legislature.  Indeed, 
it  would  be  poor  policy  to  lay  out  much  more  expense  on  the  old  rooms.  In  the 
new  building  it  is  expected  better  accommodations  will  be  afforded  not  only  for  the 
exhibition  of  the  .specimens,  but  also  for  the  handling  and  examination  of  the 
various  c1a.sses  of  rocks.  The  thanks  of  the  University  are  due  to  Col.  J.  B.  Clough» 
for  fossil  specimens  of  extinct  vertebrates  from  Montana,  and  for  Indian  imple- 
ments, for  the  General  Museum,  and  for  other  specimens,  and  to  O.  E.  Garrison,  for 
procuring  samples  of  water  from  Mille  Lacs;  and  to  Dr.  -^—  Miller,  of  the  Little 
3Gssouri  Cantonment,  ^ for  a  collection  of  fossil  leaves  from  that  locality. 

The  survey  is  also  under  obligations  to  Prof.  A.  H.  Chester,  of  Hamilton  College, 
N".  Y.,  for  a  report  on  the  geology  of  the  iron  region  east  of  Vermilion  Lake,  based 
on  observations  made  by  him  during  two  seasons  spent  in  that  part  of  the  State  ex- 
plori  n^  for  iron  in  the  interests  of  non-resident  capitalists.    The  report  of  the 
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survey  for  the  year  1878  called  attention  to  the  existence  of  iron  ore  in  the  northern 
part  of  the  State  in  large  quantities,  and  to  the  fact  that  parties  interested  in  iron 
from  eastern  States  have  made  costly  surveys  and  examinations,  attesting  tlie  value 
of  these  deposits  by  field  exploration,  and  by  laboratory  assay.  Since  then  others- 
have  become  interested  in  the  same  way,  and  it  is  not  premature  to  predict  that 
the  iron  ore  of  Minnesota  will,  not  many  years  hence,  be  largely  wrought,  and 
yield  to  the  State  a  revenue  which  will  be  commensurate  with  the  extent  of  the 
deposits  and  the  importance  of  such  industry.  It  would  be  well  if  the  capatalist9 
of  Minnesota  would  look  after  this  matter,  and  by  concerted  action,  retain  within 
the  State  as  much  as  possible  of  the  profits  of  such  development  of  these  ores.  The 
blast  furnace  which  is  now  in  operation  at  Duluth,  using  ores  from  Marquette, 
should  be  supplied  from  Minnesota,  and  Minnesota  railroad  companies  should  see 
to  it  that  these  ores  are  made  accessible.  Our  iron  ores  are  the  farthest  west  of  ar 
the  Lake  Superior  deposits,  and  being  in  the  midst  of  timbered  lands  are  situated 
favorably  for  reduction  liy  charcoal :  while  the  great  region  west  and  northwest' 
destitute  of  the  rocks  producing  these  ores,  will  ah«fiys  have  to  depend  on  us  for 
iron  and  its  products  in  the  same  manner  as  for  lumber.  Eastern  iron  deposits  and 
eastern  furnaces  should  not  be  allowed  to  find  it  profitable  to  send  their  products 
past  our  doors  when  we  have  every  requisite  and  every  facility  for  producing  the 
same.  It^would  be  a  thing  highly  creditable  to  the  Regents  and  to  the  University, 
to  be  directly  instrumental  in  developing  this  great  industry,  and  I  hope  that  gen- 
eral attention  may  be  called  to  its  feasibility. 

I  wish  to  call  your  attention  again  to  the  destruction  of  the  forests  by  fire  in  the 
northern  portions  of  the  State,  and  to  refer  you  to  representations  made  in  the 
report  for  1878,  (p.  24)  and  again  in  the  report  for  1879,  (p.  134).  The  Legislature 
should  be  asked  to  enact  the  necessary  laws,  with  penalties,  to  preserve  the  forests, 
and  especially  the  pine  forests,  from  destruction.  These  fires  are  not  occasional, 
but  seem  to  be  habitual.  No  country  in  the  world,  claiming  to  be  a  civilized  and 
enlightened  commonwealth,  should  permit  such  wanton  destruction  of  the  public 
domain  for  one  moment  when  once  informed  of  it,  and  it  would  not  be  possible 
were  it  not  for  the  sparseness  of  the  inhabitants,  and  the  indifference  to  the  pub- 
lic interests  too  often  exhibited  by  republican  Legislatures.  It  would  he  well  if 
co-operation  could  be  had  with  the  Canadian  government  in  any  effort  to  suppress 
these  fires,  since  they  originate  on  both  sides  of  the  international  boundary.  The 
The  University  pine  lands,  on  the  St.  Louis  river,  are  annually  io  danger  of  being 
devastated. 
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11. 

PRELIMINARY  LIST  OF  ROCKS 

COLLECTED    BY    N.    H.    WINCHBLL    IK  1879— CONTINUED   JROM   THE   LAST 

REPORT. 


FROM  FOND  I)U  LAC  TO  KNIFE  FALLS. 

443.  The  red  sand  rock  at  Fond  du  Lac.      This  dips  E.  S.  E.,  or  S, 
£.,  about  ten  degrees. 

443A.     Quartz  pebbles  from  No.  443. 

444.  About  the  center  of  S.  W.  i,  sec.  6,  48,  15.  Here  a  bed  of 
dark-red  shale  strikes  across  the  bluff.  This  is  about  eighteen  feet 
thick,  and  has  thin  beds  of  sandstone  occasionally,  much  as  the  lime- 
stone is  embraced  in  the  shales  of  the  Hudson  river  formation.  This 
shale  has  spots  that  are  greenish.  Pieces  of  the  same  color  (and  also 
red)  are  sometimes  seen  in  the  midst  of  the  massive  sand  rock  (443> 
which,  on  weathering  out,  (where  quarried,)  give  the  rock  a  loosely- 
porous  and  (apparently)  conglomeritic  structure.  There  are  belts  and 
thin  strips,  parallel  with  the  bedding,  that  are  conglomeritic  with 
white,  or  glassy  (not  milky,)  water-worn  quartz  pebbles,  that  are  some- 
times larger  than  hen's  eggs,  but  the  great  mass  of  the  whole  is  a 
homogeneous  sandrock.  They  are  sometime^  more  shaly,  and  also  on 
separating  some  of  the  thin  layers,  they  even  show  micaceous  inter- 
iamminations.  The  general  color  is  a  dark  red-brown,  like  the  brown 
sand  rock  of  the  **  brown  fronts,"  but  it  has  layers  that  are  of  the 
ordinary  light-colored  sand  rock.  This  light  color  is  sometimes  dissem- 
inated through  the  red  in  round  spots  or  specks,  or  is  clouded  and  mot- 
tled in  it  over  considerable  areas.  Sometimes  a  solitary  quartz  pebble, 
as  large  as  a  walnut,  is  seen  in  the  otherwise  homogeneous  brown  sand 
rock;  and  occasionally  one  is  as  large  as  a  man*s  fist. 

Below  the  above-mentioned  bed  of  dark-brown  or  red  shale,  the  rock 
is  altogether  less  firm  and  siliceous  than  it  is  above,  or  to  the  east.. 
After  a  thickness  of  about  twelve  feet  of  rock,  somewhat  like  the  rock 
OTerlying,  another  bed  of  shale,  or  shaly  rock,  is  met  with,  whose 
extent  cannot  be  defined,  as  it  seems  to  alternate  with  thin  bands  of 


Digitized  by  VjOOQIC 


10  TENTH    ANNUAL  REPORT 

shaly  sand  rock  confusedly,  the  latter  having  cross-stratification,  until 
finally  the  whole  formation,  so  far  as  seen  in  the  bluff,  almost  deserves 
to  be  styled  a  shale.  It  resembles  the  red  shaly  sand  rock  of  Good 
Harbor  Bay,  near  Grand  Marais.  It  sometimes  weathers  out  in  slates, 
(less  than  one-fourth  inch  thick)  which  are  flexible,  and  red  like  the 
rest,  but  rather  fragile.  It  has  belts  of  green  shale  running  parallel 
with  the  bedding.  There  is  a  thickness  of  about  thirty  feet  of  this 
^hale  visible  along  the  river  by  the  railroad,  before  it  is  hid  again  by 
trees  and  talus.  It  becomes  all  shale.  The  apparent  horizontality  is 
due  to  a  change  of  direction  in  the  bluff.  Some  of  it  is  quite  siliceous, 
but  in  very  thin  sheets.  The  brick-red  color  is  sprinkled  with  light 
spots;  and  there  are  belts,  three  or  four  inches  thick,  of  a  light  bluish- 
green  color.  The  green  color,  indeed,  seems  to  be  the  original  color, 
and  prevails  largely  on  tearing  down  a  lot  of  the  layers.  Although 
following  the  layering  in  belts,  or  elongated  with  the  bedding,  yet 
these  light-green  spots  are  also  globular,  or  oblate  spheres  passing 
through  several  sheets  of  the  thin  shale,  which  shows  no  change  but 
that  of  color. 

At  the  high  bridge,  *'  No.  1,"  which  is  over  a  little  creek  at  center 
of  sec.  1 ,  48,  16,  the  formation  shows  about  the  same  dip,  but  is  more 
nearly  a  sandrock  again,  but  still  with  alternating  layers  of  slaty  sand- 
rock,  (often  with  cross-bedding,)  and  red  aluminous  shale  in  thin  lay- 
ers; but  where  the  creek  joins  the  river  there  is  a  bed  of  about  three 
and  one  half  feet  of  red,  crumbling,  conglomerate.  This  lies  below 
the  shale  last  mentioned,  and  has  below  it  an  exposure  of  about  six 
inches  of  cross-bedded  sandrock.  Thus,  in  ascending  the  creek,  the 
layering  is  as  follows,  No.  1  being  the  lowest : 

1.  Cross- ])edde?d  sandrock,  uext  the  water 

2.  Crumliling  coniflomerate,  rather  tine   

3.  Shale,  with  layers  of  six  and  eight  inches  of  sbaly  sandrock  with 

cross-bedding 

4.  Shale 

Ti.     Sandroi  k      

6,      r.ikc  Xn.  :i   

Total 29  ft.  6  in. 

The  above  section  is  all  on  the  lower  side  of  a  faNlf,  i.  e.^  on  the 
river  side,  and  on  the  left  bank  of  the  creek.  Above  the  fault,  which 
is  hid  on  the  opposite  side  of  the  creek,  the  visible  section  consists  of 

the  following : 

1.     Cnimbling  conglomerate,  rather  fine 3>^  ft. 

2      Slkaly  Hand  rock,  with  belts  of  greenish,  shaly  sandrock  and  of  shale. .       10  ft. 


6  in 
3>2  ft 

4  ft 
18  in 

8  ft 
12  ft 


Total 13>i  ft. 
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latter  having  cross-stratification,  until 
ar  as  seen  in  the  bluff,  almost  deserves 
bles  the  red  shaly  sand  rock  of  Good 
It  sometimes  weathers  out  in  slates, 
k)  which  are  flexible,  and  red  like  the 
belts  of  green  shale  running  parallel 
thickness  of  about  thirty  feet  of  this 
the  railroad,  before  it  is  hid  again  by- 
shale.     The  apparent  horizontality  is 
the  bluff.     Some  of  it  is  quite  siliceous, 
>riek-red  color  is  sprinkled  with  light 
5  or  four  inches  thick,  of  a  light  bluish- 
indeed,  seems  to  be  the  original  color, 
;  down  a  lot  of  the  layers.     Although 
s,  or  elongated  with  the  bedding,  yet 
;<)  globular,  or  oblate  spheres  passing 
hin  shale,  which  shows  no  change  but 

,"  which  is  over  a  little  creek  at  center 
shows  about  the  same  dip,  but  is  more 
ill  with  alternating  layers  of  slaty  sand- 
5,1  and  red  aluminous  shale  in  thin  lay- 
^  the  river  there  is  a  bed  of  about  three 
iibling,  conglomerate.  This  lies  below 
has  below  it  an  exposure  of  about  six 
k.  Thus,  in  ascending  ihe  creek,  the 
ing  the  lowest : 

'  water 6  in.  ' 

tine   3^2  ft. 

iirht  inclies  of  sbalv  aandrock  with 

* 4ft. 

18  in. 

8  ft. 

12ft. 

29ft.  6in. 

the  lower  side  of  a  faulty  i.  e.^  on  the 
f  of  the  creek.  Above  the  fault,  which 
the  creek,  the  visible  section  consists  of 


r 


T  fine 

3>^ft. 

roenish,  shaly  sandrock  and  of  shale. . 

10  ft. 

13)^  ft. 

It  seems  as  if  the  conglomerate  hi 
distance  of  about  fourteen  feet,  hi 
beds  at  the  fault,  indicating  a  subsi 
inches,  after  the  fault  had  closed  up. 

440.     Black  roofing  slate,  near  i\ 
in  town  49,  15,  in  the  bottom  of  a  bi 
spicuous  exposure,  covered  in  high 
across  the  creek  east  and  west. 

447.  Nearly  on  the  town  line,  ne 
the  northwest,  in  the  bottom  of  Mi 
ored  .slate  than  the  last,  but  related 
direction  and  rises  about  four  feet  ii 

448.  Crumbling,  red  conglomerii 
Louis,  at  a  point  near  the  bridge  ('* 
but  lower  in  the  formation  than  th^ 
bed  is  fifteen  feet  thick,  shows  a  stro 
ing  the  creek,  by  two  feet  of  shaly 
of  shale  not  well  exposed.  Under  \ 
be  seen  six  feet  of  red  conglomera 
extending  along  the  bank  so  as  to 
fifty  feet. 

449.  Below  the  last  appears  thi 
ferous,  pebbly  conglomerate,  consisi 
is  seen  on  S.  W.  i  of  X.  E.  i  Sec. 
beds,  about  10*"  E.  of  S.,  by  compai 
three  inches  across.  The  pebbles  \ 
are  translucent.  Some  are  black  o 
half  of  the  gravel  is  of  the  under 
the  junction  of  the  two  creeks  the 
two  inches  thick,  running  north  ar 
conglomerate  extends  a  few  rods  a 
before  it  disappears,  which  it  does 
left  bank  in  accordance  with  the  d 
ding;  and  within  the  distance  of  \ 
formation  appears  in  the  bed  of  tl 
able  exposure  along  the  bank.  Tl 
as  the  weathering  separates  the  cl 
and  west,  as  at  Thomson.  But  il 
lower  where  it  is  last  seen  in  the  be 
first  appears,  and  so  low  that  even 
tend  to  throw  it  higher  in  ascendi 
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the  slate.  Hence  it  is  probable  that  the  conglomerate  lies  in  depres- 
sions in  the  slate  surface,  and  is  thicker  in  some  places  than  in  others. 
At  this  place  the  contact  is  not  visible,  but  there  cannot  be  much 
between  the  points  seen  on  each  side.  So  that,  as  already  stated,  there 
is  too  much  conglomerate  to  fill  the  unseen  interval.  This  conglom- 
erate appears  conspicuously  on  the  St.  Louis,  S.  £.  i  Sec.  2,  T.  48,  16. 
(For  a  complete  section  of  the  red  sandrock  beds,  see  after  No.  510). 

450.  Samples  of  the  Thomson  slate,  from  the  river  bank,  S.  E.  k 
Sec.  2,  T.  48,  16,  underlying  the  conglomerate,  No.  449. 

451.  Samples  of  the  same  showing,  the  slaty  cleavage  transverse  to 
the  bedding.  The  dip  of  the  slate  beds  is  to  the  S.  W.,  amounting  to 
about  four  degrees,  the  conglomerate  being  unconformable. 

452.  Slate  pencils,  formed  naturally  by  the  intersection  of  diflSer- 
ent  divisional  phmes,  having  a  rhomboidal  section.  The  overlying 
coarse,  gray  conglomerate,  seems  to  have  a  thickneess  of  about  lOO 
feet.  Above  that  is  a  considerable  red,  liner  conglomerate,  perhaps 
fifty  feet. 

453.  Slate  from  the  lower  falls  of  the  St.  Louis  river,  S.  E.  i  Sec. 
10,  T.  48,  16. 

454.  Near  the  foot  of  the  falls,  on  the  left  bank,  are  several  *  *  veins, '  ^ 
or  folia  of  white  quArtz,  parallel  with  the  slates,  some  of  which  are 
four  to  six  inches  in  thickness.  They  are  all  in  an  interval  of  about 
three  feet,  with  folia  of  slate  between. 

455.  Slate  embraced  between  and  contiguous  to  the  white  quartz. 

456.  Harsh,  arenaceous,  gray,  firm  beds,  two  to  three  feet  thick, 
embraced  in  the  slate  at  the  lower  Falls,  having  no  slatiness. 

457.  Slate;  average  sample  for  the  rock  of  the  lower  falls. 

The  cause  of  the  lower  falls  is  the  occurrence  of  a  dyke  of  igneous 
rock  which  crosses  the  falls  near  their  brink,  hardening  the  layers  of  the 
formation.  The  falls  cross  the  river  stragglingly  about  east  and  west  in 
conformity  with  the  strike  of  the  formation,  and  descend  about  twen- 
ty-two feet  in  the  distance  of  about  six  rods,  but  the  water  is  rapidly 
descending  in  other  short  cascades  for  a  quarter  of  a  mile  above  the 
falls.  Also  below  the  falls  it  continues  as  a  rapid  to  the  ioot  of  the 
islands,  descending  about  fifteen  feet  more.  The  dip,  which  is  taken 
to  be  the  general  incline  of  the  heavy  beds  toward  the  S.  E.,  is  63', 
bat  there  is  a  multiplicity  of  folia,  joints  and  seams,  and  sedimentary 
planes,  that  all  confuse  the  question  of  the  dip.  This  measurement 
was  made  near  the  dyke,  and  on  the  east  side  of  the  river. 

458.  Hardened  slate  formation,  contiguous  to  the  dyke  at  the  lower 
falls.     The  slate  here  has  a  coarsely  basaltic  structure  along  the  east 
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5  that  the  conglomerate  Ues  in  depres- 
>  thicker  in  some  places  than  in  others, 
ot  visible,  but  there  cannot  be  much 
i  side.  So  that,  as  already  stated,  there 
1  the  unseen  interval.  This  conglom- 
the  St.  Louis,  S.  E.  i  Sec.  2,  T.  48,  16. 
ed  sandrock  beds,  see  after  No.  610). 
on  slate,  from  the  river  bank,  S.  E.  i 
e  conglomerate.  No.  449. 
lowing,  the  slaty  cleavage  transverse  to 
ate  beds  is  to  the  S.  W.,  amounting  to 
lerate  being  unconformable, 
naturally  by  the  intersection  of  diflSer- 
i  rhomboidal  section.  The  overlying 
Ills  to  have  a  thickneess  of  about  100 
•rable  red,  liner  conglomerate,  perhaps 

Jills  of  the  St.  Louis  river,  S.  E.  i  Sec. 

Us,  on  the  left  bank,  are  several  * 'veins,'* 
lei  with  the  slates,  some  of  which  are 
They  are  all  in  an  interval  of  about 
etween. 

en  and  contiguous  to  the  white  quartz, 
ay,  firm  beds,  two  to  three  feet  thick, 
wer  falls,  having  no  slatiness. 
for  the  rock  of  the  lower  falls. 
<  is  the  occurrence  of  a  dyke  of  igneous 
r  their  brink,  hardening  the  layers  of  the 
river  stragglingly  about  east  and  west  in 
the  formation,  and  descend  about  twen- 
about  six  rods,  but  the  water  is  rapidly 
cades  for  a  quarter  of  a  mile  above  the 
continues  as  a  rapid  to  the  ioot  of  the 
en  feet  more.     The  dip,  which  is  taken 
lie  heavy  beds  toward  the  S.  E.,  is  63^, 
folia,  joints  and  seams,  and  sedimen^.ary 
[uestion  of  the  dip.     This  measurement 
)n  the  east  side  of  the  river. 
ion,  contiguous  to  the  dyke  at  the  lower 
)Hrsely  basaltic  structure  along  the  east 
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side  of  ijhe  dyke.  The  columns  run 
degrees  from  the  horizon. 

459.  The  doleryte  dyke  at  the  low 
E.  and  is  at  least  twenty  feet  wide.  II 
high  stage  of  water  prevented  a  full  v 
has  so  hardened  the  slates  that  they  a: 
of  the  river  than  the  dyke  itself. 

460.  Above  the  falls,  nearly  oppc 
being  numbered  up  stream,)  two  other 
the  rock  being  of  the  same  kind  as 
grained.     One  seems  to  be  about  eigl 
feet  wide. 

461.  Sample  from  the  eight-foot  dj 
Above  the  lower  falls,  along  the  e 

rock  stands  up  in  the  channel  as  very  i 
ing  about  twelve  feet  near  the  lower  e 
upper  end  of  the  island.  The  fall  n( 
No.  5»  is  due  to  the  occurrence  of  a  n 
slate  immediately  below  (i.  e.,  down  s 
part  having  been  torn  out  faster  thf 
island,  east  of  the  upper  end  of  Islanc 
is  27°  S.  E. 

There  may  be  other  dykes,  not  visi 
the  river  under  water  entirely  and  ent 
hid  by  drift-wood  or  by  standing  in 
wears  away  faster  than  the  formation 

The  rapids  below  all  the  islands  (< 
These  rapids  continue  on  between  tl 
which  is  on  Sec  10,  at  the  head  of  IsL 
ting  the  fall  into  two  parts,  the  greate 
island.  Sir  or  eight  rods  below  the  f 
island.  Tsland  No.  1  begins  still  fur 
the  section  line  between  10  and  15.  ' 
having  but  three  large  pine  trees,  (1 
seems  to  consist  of  boulders,  and  rises 
water.  Island  No.  2  rises  twenty  feel 
covered  with  pine,  with  a  few  birches 
(227  feet,)  causes  the  current  here  to  ti 
uniting  with  that  which  passes  down 
Just  above  Island  No.  6*  is  the  wilde 

^'The  iMiandA  number  A  instead  of  5.   They  are  wroagi) 
also  a  nnmber  of  rock  Islands. 
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of  the  river,  where  it  comes  ue. 
scent  here,  in  about  a  quarter  < 
is  no  regular  fall,  but  a  rushii 
to  side  of  the  channel,  cut  ai 
highly  dipping  slate,  which  \ 
that  alternate  with  sharp  ai 
which  sometimes  rises  in  tl: 
feety  and  is  very  conspicuoi 
eight  degrees  to  the  S.  and 
and  the  latter  to  the  S.  S.  \ 
dicular  all  the  time.  The 
of  fifteen  to  twenty-four  i 
which  is  in  layers  of  a  fe 
show  a  finer  bedding  if  fa^ 
The  roar  of  this  river  he 
and  it  seems  equal  to  that 
distance  that  the  multitud 
pheric  commotion  as  the 
and  to  be  comparable  to 
be  heard  for  svcral  mile? 
train  on  the  railroad,  for 
comes  with  the  changing 

462.  Fine-grained  dyl 
south  of  the  creek  comi 
above  the  foregoing  rou 
Tisible  only  on  the  shore 
It  is  about  thirty  feet  w 

463.  Rock  similar  tc 
N.,  about  15°  E..  on  N 
the  river. 

464.  From  a  dyke  ci 
in  the  same  direction,  1 

About  thirty  feet  alo 
about  six  feet  wide,  bi] 
north  bank.  It  showf 
18  situated  about  ten  r 
the  S.  E.  i  of  Sec.  9, 
uncertain  character. 

At  the  island,   on   i 
rough  as  it  separates 
slate  is  nearl3'  in  the 
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•ly  along  the  strike  of  the  slate.  "The  de- 
"  a  mile,  must  be  about  forty  feet.  There 
;  and  foaming  torrent,  dashing  from  side 

parted  by  the  jagged  protrusions  of  the 
its  variations  of  hardness  forms  troughs 

angular  ridges.  The  dip  of  the  slate, 
middle  of  the  river  twelve  or  eighteen 
r  disposed,  varies  from  thirty  to  forty- 
e  S.  S.  E.  The  former  dip  is  to  the  S. 
:he  slaty  cleavage  being  nearly  perpen- 
iid  bedding  of  the  slate  is  in  thicknesses 
es,  but  there  is  also  a  thinner  bedding 
iches.  Perhaps  the  heavier  beds  would 
bl}'  weathered. 

greater  than  that  of  St.  Anthony  Falls, 
aagara.  It  is  continued  over  so  long  a 
s  dashing  seems  to  make  as  much  atmos- 
e  plunge  of  a  large  stream  at  Niagara, 
oar  of  an  extended  beach-line.  It  can 
1  is  like  the  rumble  of  a  heavy  freight 
1  it  is  apt  to  be  mistaken  at  first,  as  it 
ents  of  wind  or  is  echoed  on  the  bluffs. 
k,  from  a  dyke  crossing  the  river  at  the 
om  the  north  on  S.  W.  i  Sec.  10.  It  is 
id  jagged  portion  of  the  river  channel, 
IS  less  durable  than  the  hardened  slate. 

ist,  from  a  dyke  eight  feet  wide  running 
A  the  S.  E.  i  Sec.  9,  T.  48;  16,  crossing 

the  river  a  short  distance  above  the  last 
ty  feet  wide. 

last  appears  to  be  another  narrow  dyke 
rtain  pieces  in  place  can  be  seen  on  the 
)rge  in  the  slate  on  the  south  bank.  It 
)w  the  small  island  in  the  river  seen  oh 
ut  five  rods  above  is  another  of  the  same 

.  i  of  Sec.  9,  T.  48,  16,  the  river  is  very 
iges  among  the  rocks.  The  strike  of  the 
I  of  the  river.    The  island  itself  is  made 
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of  a  knob  of  hardened  slate,  with  a  f< 
a  strike  on  each  side  of  it  stand  up  in 
and  cause  the  water  to  twirl  along  o 
when  it  leaps  over,  or  rises  and  falls  € 
and  runs  into  another  trough  from  w! 
This  takes  place  on  each  side  of  the 
esting  and  beautiful  near  the  head  < 
Below  the  island,  in  the  main  chann< 
as  it  makes  its  way  through  other  tro 
is  divided  into  several  such  troughs 
embraced  in  one  .rapid  chute  about 
the  sides  of  which  there  is  a  boiling  : 
central  current  plunges  and  foams  d( 
thing  in  the  State  that  surpasses  s 
river.  Norwood  says  the  upper  falls  i 
do  not  see  how  they  can  exceed  thesi 
quarters  of  a  mile  the  river  is  more 
and  impassable  even  for  canoes,  wit 
shore  and  in  the  channel. 

Just  at  the  head  of  the  island,  an( 
esting  irregularity  in  the  layers  of  th 
zontal,  or  rise  gently  from  the  wai 
bend  downward,  and  even  dip  slighi 
then  are  suddenly  deflected  upward,  \ 
they  again  begin  to  dip  into  the  river 
to  a  large  extent  only  apparent.  Th 
appearance  being  due  to  undulations 
the  strike,  combined  with  a  jointa^ 
smooth  planes  sloping  northward. 

465.  The  slate  formation  from  tl 
Sec.  9,  T.  48,  16.  Tough  gray,  firn 
dency  to  slaty  cleavage,  finely  arenac 

466,  Siliceous  slate,  quartzyte,  froi 
Near  the  center  of  Sec.  8,  is  anol 

river  coming  directly  across  the  slate 
striking  E.  and  W.  The  beds  hen 
swinging  round  to  the  S  S.E.,  and  bei 
highest  dip  is  seen  at  the  narrows,  wl 
the  heavy  beds.  At  these  falls  the  r 
though  occasional  similar  layers  of  i 
with  the  slates  at  points  lower  down 
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eeoQM  layers  that  require  for  the  formation  rather  the  designs 
quartzyte  thau  a  slate.  Tet  it  is  slaty,  and  breaks  with  the 
easier  than  against  it.  The  rock  here  b  also  accompanied  wi 
its  of  whke  quartz,  which  is  like  that  seen  at  Little  Falls,  ai 
up  like  that.  The  quartz  deposits  are  seen  to  be  rather  vf 
ioliations,  though  they  follow  nearly  the  direction  of  t 
cleavage. 

The  strike  of  the  slate  hills  in  sections  9  to  4,  (48,  16,)  i8 
north,  and  the  dip  is  from  46*  to  60°  toward  the  south,  and  i 
4^IeaYage  runs  almost  east  and  west. 

467.  Rock  of  the  dyke  at  Thomson  bridge. 

468.  Rock  adjoining  the  dyke  at  Thomson  bridge. 

The  river  at  the  railroad  bridge  over  the  St.  Louis  is  runnii 
course  of  a  dyke  of  igneous  rock,  about  twenty-five  feet  witl 
being  more  jointed,  and  at  the  same  time  more  easily  rotted  an. 
grated,  has  caused  the  gorge  through  which  the  river  passes  u 
bridge.     The  walls  on  either  side  being  of  hardened  quartzit 
are  much  more  durable.    This  dyke  is  visible  in  the  bluff  fa. 
bridge  down  stream,  and  the  rock  is  coarse  and  gray  but  it 
iid  by  its  own  tumbling  debris,  while  the  slates  stand  up  lii 
sixty  to  seventy  feet  above  the  river.    The  dyke  has  a  directio 
E. ,  but  is  some  crooked. 

•  '^Jr! ''  "Ju'^r^;  "''"  of  hardened  slate  and  quartzyte.  in  tl 
Tisible  from  the  bndge.    This  is  due  to  the  existence  of  anotl 
ture  m  the  formation  which  runs  southwardly  nearly  to  th. 
when    It    unites  with  the  larger   dyke;  but  just  L  it  me 
larger  dyke,  the  intervening  slates  were  so  finelv  .„J 
amorphoBed,  that  the  hardened  mass  has  forn^Jd  ^tilUno  h ' 
<in  very  high  water,  on  which  a  pier  of  the  flt^ZTu 
«  no  evidence  of  this  second  smaller  dyke  exc^nf  tvT 
hardened  slate  walls.    This  goriHi  ihJt        *T,  ^^  ««''»?«  ' 
the  two  islands,  continues  noX'rd  aT;?^  '''''  ^"^" 
bank  of  the  stream,  but  there  is  so  much  Men  a^r."  ''' 
it  that  no  igneous  rock  can  be  seen     Th^  Tn  f  ?v   /"   '^'""■' 
Half  a  mile  northeast  is  a  large  dyke,  sixty  fLfw^T*^"'^ 
the  river  between  Thomson  and  the  r^l      fv       '  ^^'""^  " 
angle  of  forty-six  degrees  with  the  str&enf  .J     f  *    ^*  ''''' 
hills,  but  it  is  much  more  easily  destrovi  ff     1      **  ''"'^  '1" 

469.    From  near  Millers  MiU.  ti  .^Th  ^ 
aule.    This  is  from  a  bed  of  harder  n       ,  .  ^''°^*°'''  »  q«art. 
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for  the  formation  rather  the  designation  of  a 
Vet  it  is  s'uity,  and  breaks  with  the  cleavage 
'be  rock  here  is  also  accompanied  with  depos- 
h  is  like  that  seen  at  Little  Falls,  and  cracks 
z  deposits  are  seen  to  be  rather  veins  than 
follow  nearly  the   direction  of   the  slaty 

.  hills  in  sections  9  to  4.  (48, 16,)  is  east   10" 
n  m  to  60^  toward  the  south,  and  the  sUty 
t  and  west. 
;e  at  Thomson  bridge, 
the  dyke  at  Thomson  bridge, 
ad  bridge  over  the  St.  Louis  is  running  m  the 
.cus  rock,  about  twenty-five  feet  wide     This 
at  the  same  time  more  easily  rotted  and  disinte- 
.orge  through  which  the  river  passes  under  the 
lither  side  being  of  hardened  quartzitic  slate. 
This  dyke  is  visible  in  the  bluff  facing  the 

i  the  rock  is  coarse  and  gray,  but  it  is  nearly 
«  debris,  while  the  slates  stand  up  fi™  Jrom 
„ve  the  river.    The  dyke  has  a  direction  N.  N. 

L  of  hardened  slate  and  quartzyte.  in  the  river. 
This  is  due  to  the  existence  of  another  firac- 
which  runs  southwardly  nearly  to  the  bridge 
the   larger    dyke;   but   just  as  it  meets   the 
•niug  slates  were  so  finely,  and  so  entirely  met- 
^ardened  mass  has  formed  still  another  «land 
,  which  a  pier  of  the  foot-bridge  rests.    There 
Second  smaller  dyke  except  the  gorge  and  the 
This  gorge  that  forms,  with  the  larger  gorge 
nues  northward  a  short  distance  in  the  north 
,t  there  is  so  much  fallen  drift  and  qua^zyte  in 
can  be  seen.     The  dip  of  the  formation  is  46*  . 
U  a  large  dyke,  sixty  feet  wide,  whieh  comes  to 
Uson  and  the  railroad  bridge.    It  runs  at^ 
,ees  with  the  strike  of  the  slate  and  quartzyte 
ore  easily  destroyed  than  th^y. 
iller's  Mill,  north  of  Thomson,  a  quarter  of  a 
bed  of  harder,  non-slaty,  gray  quartzyte,  belong- 
r     It  weathers  neariy  white  from  feldspathic 
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ingredients,  and  from  the  abunda 
trachytes  of  the  western  territori 
bed  is  eleven  feet  thick,  and  in  s 
slaty  layers  on  each  side  of  it.  1 
white  quartz,  some  of  which  a 
wedge  out  lenticularly,  and  diago 
of  quartz  veins  are  in  other  pai 
quartz  deposits  are  quite  frequei 
cleavage  openings.  The  feldspai 
is  fanlfed,  the  east  side  being  e 
Nos.  310,  and  418,  and  505). 

470.  Slate,  quarried  for  roofii 
and  of  even,  fine  grain. 

471.  Slate  like  the  last,  from  i 

472.  White  quartz,  from  a  he 
road  bridge,  where  the  county  roi 
It  is  embraced  in  the  slate,  and 
on  the  side  toward  the  river.  It 
cleavage.  Near  the  top,  the  depc 
but  standing  vertical  it  runs  but 
seen  to.  run  out,  almost  entire! 
something  like  the  roots  of  a  to 
crown.  It  is  not  coincident  witl 
joints,  but  stands  perpendicular, 
about  ten  rods.  It  is  crossed  b; 
hibited  on  the  wall  of  a  slate-rid^ 
five  feet  higher.  Along  the  rive 
one  large  root  runs  below  the  w 
and  also  another  of  six  inches,  I 
within  ten  feet  of  the  top.  At  tl 
seems  to  have  been  an  anticlinal 
and  the  opening  produced  by  the 
filled  by  quartz,  some  of  it  also  c 
standing  in  -nearly  a  vertical  p< 
of  much  displacement  and  crumi 
dent  a  dip  toward  the  north.  T 
massive,  but  sometimes  shows  a 
the  slates.  It  is  jointed,  and  d 
which  are  distributed  down  ^h< 
stones  for  the  quartz  conglome 
quartz  contains  galenite,  pyrite  a 
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473.  Pyritiferous  gray  quartzyte  (?) ;  from  the  ridge  along  which 
the  large  quartz  vein  (472)  is  visible.  The  pyrite  is  scattered  in  per- 
fect cubes,  sometimes  three-fourth  inches  across,  and  occasionally  an 
inch,  through  the  rock.  The  most  of  the  cubes  are  about  the  size  of 
peas.  The  rock  is  like  No.  469,  but  finer,  and  has  siderite  as  well  as 
pyrite  disseminated  finely  through  the  whole,  the  former  becoming  oxi- 
dized at  the  surface. 

In  some  of  the  quartz  veins  which  cross  the  strike  diagonally,  par- 
ticularly in  rock  469,  and  473,  which  veins  die  out  and  are  replaced  by 
others  a  little  further  to  the  right  or  left,  lenticularly,  the  white  quartz 
has  been  iiitercrystalized  with  siderite,  which  on  weathering  changes 
to  .haematite,  and  then  washes  out  if  wholly  free  to  the  air,  leaving  a 
gashed  appearance  among  the  q.iartz  crystals  when  exposed.  On  deep 
fracture,  when  not  thus  exposed,  the  siderite  is  preserved — and  in 
other  places  can  be  seen  passing  into  haematite. 

474.  Dyke  rock,  near  the  Northern  Pacific  Junction.  This  dyke  i& 
thirty  feet  wide.  The  average  dip  of  the  slate  formation  in  S.  W.  i 
Sec.  6,  T.  48,  16,  is  57  deg.  to  the  S.  5  deg.  E.  West  of  dyke  rock. 
No.  474,  which  is  a  little  east  of  Paine 's  saw  mill,  are  other  dykes,  par- 
allel to  474,  one  being  still  nearer  the  mill,  on  the  east  side,  and  one 
west  of  the  mill.  They  all  run  about  N.  5  deg.  E.  (compass),  with  a 
slight  variation  a  little  east  or  west  of  that,  and  they  all  consist  essen- 
tially of  the  same  kind  of  rock— a  greenish  gray  doleryte.  In  both  re- 
spects they  are  like  those  seen  crossing  the  river  below  Thomson. 

475.  Doleryte  from  the  most  westerly  of  the  above  mentioned 
dykes — one  of  the  triclinic  feldspars  appears  porphyritically  in  this, 
wjcich  is  not  common  in  the  rock  of  these  dykes. 

Up  Otter  Creek,  two  or  three  miles  west  of  the  Junction,  there  is 
said  to  be  a  large  exposure  of  rock,  like  that  at  the  Junction.  It  seems 
then  to  continue  on  to  Moose  lake,  where  it  is  again  seen  thirty  miles 
south  of  the  Junction,  and  causes  a  rough  and  more  elevated  tract  of 
country.  On  the  road  to  Twin  lakes,  about  a  mile  south  of  the  Junc- 
tion, there  are  three  or  four  ridges  of  slate. 

Northward  from  the  Junction,  along  the  Knife  Falls  railroad,  a  num- 
ber of  cuts  in  the  rock  display  its  character  and  position.  Cut  No.  1 
is  about  three-fourths  mile  from  the  Junction  and  is  in  slate  that  dips 
south  at  about  the  usual  angle.  There  is  a  little  ridge  further  north, 
and  on  the  west  side,  that  has  a  much  higher  dip  to  the  south — about 
seventy-five  degrees.  Cut  No.  2,  which  is  nearly  a  mile  lurther  north 
is  in  a  hard,  gray,  massive  quartzyte,  which  has  joints  running  in 
various  directions,  and  shows  no  dip,  but  in  a  small  slate  outcrop  along 
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its  northern  side  there  is  sign  of  sedimentation  dipping  about  45  deg. 
S.  (as  usual.)  The  same  dip  can  be  seen  in  a  parallel  slate  range  on 
the  west  of  the  road  nearly  opposite  this  cut.  This  quartzyte  range  is 
high,  long  and  conspicuous  toward  the  east,  but  to  the  west  it  soon 
ceases.  The  slate  range  on  the  west  also  is  short,  and  the  surface  set- 
tles down  to  a  valley  in  which  there  is  a  stream,  with  a  high 
timbered  plateau  on  the  north  side. 

Cut  No.  3,  about  two  miles  north  of  the  Junction,  is  near  this  high 
land,  but  the  road  bends  east  at  the  cut  so  as  not  to  go  directly  toward 
it.  (See  No.  505.)  North  and  west  of  the  Junction  are  numerous 
slate  ridges  which  are  not  struck  by  the  railroad. 

T..e  river  below  Thomson  is  filled  with  rapids  and  falls  all  the  way 
to  '^Bridge  No.  5."  There  are  four  spots,  in  particular,  where  there 
is  valuable  water  power: — first,  near  bridge  No.  5,  where  the  river  in 
a  short  space  is  divided  into  various  channels,  by  six  islands  that  occur 
between  its  banks.  Three  of  these  islands  are  above  the  fall  and  three 
are  below,  but  there  is  also  a  considerable  fall  above  island  No.  3 

9 

(numbering  from  below)  extending  to  near  the  head  of  island  No.  6. 
This  whole  fall  is  fifty -five  feet.  The  existence  of  the  islands  and  the 
widening  of  the  river,  as  well  as  the  extent  through  which  the  fall  is 
carried  before  it  reaches  rather  quiet  water  again,  are  favorable  for  the 
improvement  of  this  power,  and  i:s  utilization.  But  a  short  distance 
above  the  head  of  island  No.  6,  is  the  second  fall,  where  the  river  is 
narrow,  but  has  the  rock  formation  of  the  country  in  conspicuous 
strike  along  each  bank  confining  the  water  like  artificial  dykes,  within 
troughs  which  run  somewhat  obliquely  across  the  course  of  the  river, 
and  rising  in  knobs  and  rough  islands  (with  constant  dip  toward  the 
S.  E.)  in  the  midst  of  the  river  itself,  sometimes  eighteen  or  twenty 
feet.  This  condition  of  the  river  extends  from  near  the  bead  of  island 
No.  6  to  the  dyke  (No.  462  above),  which  is  near  the  mouth  of  the 
creek  that  crosses  the  railroad  on  the  N.  W.  i  of  Sec.  10,  and  the  fall 
here,  which  may  be  called  cascade  No.  2,  amounts  to  sixty -fivie  feet. 
There  is  then  a  gradual  ascent  of  twenty -five  feet  among  the  rocks  to 
the  foot  of  the  fall  at  island  No.  7,  and  of  twenty -five  feet  more  in  get- 
ting round  the  island  itself,  where  the  river  is  divided  and  beautified 
by  the  disposition  of  the  slate  ranges  as  already  described  under  No. 
464.  This  is  cascade  No.  3.  Above  this  the  river  is  more  steady  in 
descent  for  one-half  mile,  when  there  is  a  widening  of  the  channel 
near  the  mouth  of  a  little  creek  from  the  north,  and  a  fall  of  about  six 
feet  over  one  of  the  harder  beds  that  protrudes  above  the  rest.  This 
goes  diagonally  across  the  stream.     There  is  then  a  similarity  in  the 
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stream  to  and  beyond  the  * 'retaining  wall*'  of  the  railroad,  a  distance 
of  nearly  a  mile,  through  which  there  is  actually  a  steady  ascent, 
amounting  in  the  aggregate,  from  the  head  of  cascade  No.  3  to  the  foot 
of  the  Thomson  Fall,  to  seventy  feet  The  Thomson  Fall  is  regarded 
as  beginning  near  the  133d  mile-post  of  the  railroad,  (near  the  center 
of  Sec.  8)  and  extending  to  the  large  island  on  Sees.  5  and  6.  That 
part  of  it  below  the  mouth  of  Otter  creek  which  joins  the  river  near 
the  railroad  bridge  south  of  the  railroad,  extending  a  distance  of  nearly 
a  mile,  is  thirty  feet,  and  is  caused  by  the  strike  of  the  rock  going 
directly  across  the  river,  causing  it  in  several  places  to  be  suddenly 
contracted  in  width,  to  twenty  or  twenty -five  feet,  through  which 
narrow  passages  the  river  rushes  with  some  fall  and  a  swift  current. 
The  most  of  the  fall  is  near  the  foot  of  the  distance  stated,  but  there 
is  an  irregular  rapid  and  rocky  river  all  the  way  up  to  the  railroad 
bridge  that  cannot. consistently  be  subdivided,  though  it  is  more  rocky 
at  and  near  the  mouth  of  Otter  creek.  That  part  above  the  mouth  of 
Otter  creek,  extending  to  the  foot  of  the  large  island,  is  thirty -five  feet. 
The  greater  part  of  this  is  near  the  foot  of  the  island,  but  the  river  is 
a  rushing  torrent,  in  a  rough  narrow  gorge,  sometimes  split  bj'  islands, 
all  the  way  from  the  first  fall  to  the  creek.  The  total  fall  from  the 
brink  of  Knife  Falls  to  the  water  at  the  foot  of  the  lowest  falls,  N.  E. 
i  Sec.  15,  T.  48,  16,  by  ameroid,  is  five  hundred  feet,  with  an  esti- 
mated descent  of  fifty  feet  more  to  the  level  of  Lake  Superior. 

476.  Rock  from  near  the  river,  south  bank,  about  a  mile  above 
Knife  Falls.  The  same  formation,  with  the  same  dip  and  outward  as- 
pect occurs  along  here.  It  extends  at  least  to  the  village  of  Cloquet, 
the  direction  of  the  slates  being  E.  10  deg.  S.  inclined  to  the  south  at 
an  angle  of  75  deg.  or  80  deg.  Along  the  river  are  occasional  low  slate 
exposures.     The  islands  are  caused  by  low  slate  elevations. 

477.  From  the  same  place  as  the  last;  coarser,  similar  to  that  near 
Miller's  Mill.  (No.  469  ) 

These  rocks  are  in  some  places  cut  by  slaty  cleavage.  They  are 
rather  firm,  but  have  a  r/rain  running  in  the  line  of  the  slaty  cleavage 
(476),  but  in  other  places  (477),  it  is  not  affected  by  cleavage,  but  is 
cut  by  joints  running  in  all  directions  across  it,  so  that  there  is  a  sem- 
blance to  dip  toward  both  the  south  and  north.  The  slaty  cleavage 
goes  diagonally  across  the  jointage  systems.  After  a  careful  study  the 
dip  is  made  out  satisfactorily  to  be  toward  the  south.  Between  this 
place  and  the  Indian  Reservation,  which  is  a  mile  above  *Tose's,'*  the 
country  is  covered  with  drift,  and  timbered  heavily.  At  Pose's  the 
bank  is  about  one  hundred  feet  high,  and  apparently  consists  whoUj' 
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of  drift.  Usually  there  is  a  belt  of  swampy,  clayey  alluvium  between 
the  drift  banks  and  the  river,  about  six  feet  above  the  present  stage  of 
the  water.  The  river  is  very  quiet  above  Pose's  to  the  little  island 
known  as  Pine  Islafid,  three  miles  above,  where  there  is  a  fall  of  about 
eight  feet  in  a  tumbling  rapid,  the  most  of  the  descent  being  below 
the  island.  No  rock  in  place  is  visible  at  the  island — only  boulders, 
of  many  varieties,  chiefly  like  the  Rice  Point  rock  at  Duluth.  The  is- 
land has  a  covering  of  tall  pine  trees.  The  country  is  not  hilly,  only 
moderately  undulating,  with  considerable  good  pine.  The  long,  nar- 
row island  at  Pose's  is  low  and  not  rocky,  or  stony,  even,  but  sandy 
and  clayey.     The  lower  islands  are  rocky. 

478  Represents  the  last  rock  on  the  right  bank  of  the  St.  Louig 
above  Knife  Falls.  This  is  found  on  the  south  bank  nearly  opposite 
the  foot  of  the  island  known  as  Homestead  Island,  very  near  the  same 
place  as  No.  477  and  476,  but  further  west  This  is  firm,  gray, 
crystalline,  with  translucent  grains  as  if  of  quartz,  also  having  rusty 
specks  when  weathered,  as  if  from  oxidized  siderite  or  pyrite.  This, 
under  the  microscope  shows  in  thin  sections  that  it  is  one  of  the 
arenaceous  members  of  the  formation.  This  is  an  important  rock- 
horizon.  It  seems  to  run  further  east,  and  also  to  extend  under  the 
river,  forming  the  islands — at  least  such  layers  occur  in  the  strike  of 
the  island^,  and  also  form  the  brink  of  Knife  Falls.  It  varies  a  little, 
becoming  more  like  the  rock  at  Miller's  Mill,  (469),  than  478  is. 

This  is  supposed  to  be  Norwood's  **last  rock,"  which  he  styled  an 
igneous  rock,  or  doleryte,  (his  No.  454),  having  a  direction  nearly 
north  and  south,  crossing  the  river  nearly  at  right  angles.  This  rock 
has  translucent  grains  (which  niay  be  his  supposed  nepheline)  but  it  is 
certainly  a  part  of  the  formation  and  strikes  east  and  west. 

479.  Rock  from  the  brink  of  Knife  Falls,  similar  to  No.  477,  a  gray 
quartzyte. 

480  From  the  brink  of  Knife  Falls,  finely  crystalline,  with  minute 
grains  of  quartz  visible  in  thin  section.  There  are  places  in  the  for- 
mation where  there  is  a  change  in  the  crystalline  character,  a  greater 
frequency  of  joints,  a  finer  grain,  a  loss  of  cleavage,  and  other  features 
that  accompany  the  metamorphosing  proximity  of  a  dyke,  but  where 
no  dyke-rock  can  be  seen.     This  sample  seems  to  be  from  such  a  place. 

At  Knife  Falls  the  descent  is  fifteen  feet  altogether,  and  about  six 
feet  perpendicular. 

On  the  island  first  above  Knife  Falls  the  dip  is  N.  25  deg  ,  forming 
an  angle  with  the  slaty  cleavage  which  dips  S.  about  85  deg.,  and  fre- 
quent joints  cut  the  strata.      The  rock  at  this  point  is  slaty  in  the  di- 
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rection  stated,  but  the  real  slatiness  does  not  appear  as  soon  as  a 
coarser  slaty  lamination  which,  on  the  surfaces  of  opened  jointage 
planes,  is  in  layers  about  one  and  one-fourth  inch  thick  and  looks  like 
a  bedding  of  sedimentation  dipping  almost  or  quite  parallel  with  the 
slaty  cleavage. 

481^  Slate,  from  the  point  above  described.  The  piece  has  the  lines 
of  supposed  sedimentation  crossing  the  slaty  cleavage  as  noted. 

Just  below  the  point  of  the  last  observation,  which  is  where  a  small 
channel  crosses  the  island  in  time  of  high  water,  is  a  nice  little  fall  of 
about  five  feet,  in  the  channel  on  the  north  side  of  the  island,  the 
channel  itself  being  about  twenty  feet  across.  This  rock  is  firmer 
than  the  rest  of  the  formation  hero,  and  consists  of  alternations  of 
argillaceous  slate  with  a  slaty  cleavage,  and  a  gray  quartzyte.  This 
quartzyte  has  translucent  grains  like  the  rock  of  479.  Here  the  dip  is 
plainly  48  deg.  S.  3  deg.  E.,  the  alternating  quartzyte  and  slaty  layers 
beinsf  a  sure  indication  of  what  the  dip  is.  This  observaiion  negatives 
the  last  note  in  regard  to  dip,  the  structure  there  supposed  to  be  dip 
(illustrated  by  No.  481),  being  due  to  a  former  slaty  cleavage,  or  to  a 
foliation,  or  to  a  striation  produced  by  friction,  or  to  what?  The 
water  crosses  the  strike  at  an  angle  of  about  45  deg.,  where  it  passes 
over  these  beds.  There  are  ten  beds  of  argillaceous  slate  that  do  not 
(with  one  exception  of  a  bed  of  about  three  feet)  exceed  eighteen  inches 
in  thickness,  some  being  but  about  six^  inches,  alternating  with  hard 
and  gray  quartzyte  layers  which  have  a  little  greater  average  thickness. 
These  layers  strike  to  the  north  of  the  main  falls  in  the  south  channel, 
and  appear  on  the  east  end  of  the  island  below  the  falls.  The  slate 
beds  have  a  perpendicular  slaty  cleavage,  but  the  quartzyte  beds  have 
•no  cleavage  of  that  kind,  but  are  variously  jointed.  The  slaty  cleavage 
gradually  fades  out  in  the  quartzyte  beds,  firmly  cementing  them  with 
the  slaty  beds.  Many  of  the  joints  of  the  quartzyte  pass  through  the 
slate  beds,  particularly  those  that  run  at  right  angles  to  the  strike. 

482.  From  the  above  slaty  layers. 

483.  From  the  above  quartzyte  layers. 

484.  Samples  showing  intermediate  characters. 

At  the  real  Knife  Falls,  which  are  on  the  N.  W.  i  of  the  S.  W.  \ 
Sec.  13,  T.  49,  17,  and  face  toward  the  north,  the  brink  running  ex- 
actly east  and  west,  the  dip  is  48  deg.  toward  the  south,  and  the  rock 
consists  of  alternations  of  slaty  layers  with  gray  quartzyte,  exactly  as 
ast  described  for  murabers  482-3-4.  But  there  are  here  two  very 
prominent  and  persistent  beds  of  the  gray  quartzyte,  one  of  which 
forms  the  brink  of  the  falls,  while  the   other  is  forty  feet  below  the 
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falls,  and  lies  immediately  over  the  section  of  beds  represented  b}^  Nos. 
482-3-4,  or  is  separated  from  them  by  an  interval  of  twenty  or  twenty- 
five  feet  occupied  by  the  same  sorts  of  rocks  as  those.  This  lower 
quartzyte  bed  forms  a  spit  of  jointed  rock  that  projects  eastward  just 
below  the  falls.  Along  the  banks,  both  on  the  island  at  the  west  end 
of  the  falls,  and  on  the  main  at  the  east  end,  immediately  below  the 
falls,  there  are  heavy  beds  of  gray  quartzyte  which  seem  to  be  as  dur- 
able as  the  rock  in  the  brink  of  the  fall,  but  they  have  not  resisted  the 
water  so  well  as  those  further  down,  just  mentioned.  They  rise,  how- 
ever, higher  in  the  banks,  especially  at  the  east  end.  The  rock  over 
which  the  water  plunges  has  a  basaltiform  jointed  structure  about  at 
right  angles  to  the  dip,  but  no  characters  of  undoubted  igneous  rock 
can  be  seen,  nor  evidence  of  igneous  action  in  the  form  of  dyke-rock. 
Yet,  just  at  the  west  end,  even  west  of  the  little  island  that  is  in  the 
fall  and  cuts  it  into  two  parts  (the  little  island  and  the  west  channel 
make  about  one-third  of  the  whole) — there  near  the  west  ei^d  of  the 
little  channel  the  rock  is  closely  jointed  in  a  direction  N.  and  S.  (or 
nearly)  and  hardened,  becoming  fine-grained,  these  characters  also 
striking  the  spit  running  east  from  the  main  channel.  This  dyke-like 
appearance  has  a  width  of  about  four  feet,  and  although  it  is  in  a  low 
spot  across  the  spit  where  sometimes  water  flows  in  a  high  stage  of  the 
river,  yet  it  forms  a  little  island  in  the  rocky  channel  just  in  the  brink 
of  the  falls. 

485.  Is  from  this  fine-grained  rock  which  has  the  manner  of  a  dyke, 
though  it  does  not  show  the  mineral  characters  of  the  dykes  that  cross 
the  formation.  This  belt  runs  N.  and  S.  as  above  described.  In  thin 
section  this  rock  proves  to  be  granular  and  finely  arenaceous,  and 
hence  a  part  of  the  country  formation. 

486.  From  the  quartzyte  spit  below  the  falls. 

487.  Slaty  alternations  in  the  spit  below  Knife  Falls. 

488.  Gray  quartzyte,  similar  to  478  and  469. 

This  is  from  the  north  channel,  from  near  the  lower  end  of  the  third 
island  (not  counting  the  little  island  in  the  brink  of  the  falls)  and  is 
north  of  that  called  Homestead  Island.  The  rapids  are  twenty  rods 
above  its  first  exposure,  which  is  much  greater  than  on  the  south  shore 
where  478  was  obtained.  These  heavy,  gray  quartzyte  beds,  although 
they  differ  widely  from  the  most  of  the  formation,  having  a  massive 
and  jointed  outward  aspect,  and  thus  resemble  the  dykes  of  true  igne- 
ous rock,  have  not  the  composition  of  the  dolerytes.  Further,  they  run 
E.  and  W.  instead  of  N.  and  S.,  and  are  interbedded  with  slaty  layers. 
They  could  not  be  mistaken  for  dykes  wherever  their  stratigraphic  rela- 
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tious  are  visible.  In  this  place  no  other  rock  can  be  seen.  It  extends 
along  the  shore  about  thirty  rods  (E.  and  W.)  and  does  not  vary.  The 
main  jointage  system  runs  N.  8  deg.  E.  The  rock  gradually  disappears 
among  boulders  some  of  which  are  very  large,  and  yet  seem  to  be  like 
the  same  rock.  They  show,  however,  a  little  grain,  or  schistose  struc- 
ture, approaching  that  seen  in  some  of  the  slaty  beds  of  the  formation. 

489.  Samples  from  one  of  these  large  boulders  that  seem  to  show  a 
gradation  toward  the  slaty  beds.  In  rock  488  are  veins  of  white  quartz 
some  being  five  inches  thick. 

About  fifty  rods  further  up  the  north  channel  is  a  cross-channel,  be- 
tween two  islands,  the  water  running  north;  opposite  which,  and  im- 
mediately below,  in  the  middle  channel,  are  seen  other  rapids  and  much 
rock  in  place.  The  surveyors*  plat  of  the  river  about  Enife  Falls  is 
quite  faulty.  The  islands  are  all  represented  as  one,  and  the  river 
seems  to  have  but  two  channels  instead  of  three.  This  rock  shows  a 
slaty  cleavage  running  E.  and  W. ,  which  has  a  dip  to  the  north,  or  is 
nearly  perpendicular.  It  belongs  to  the  formation  of  the  country. 
South  of  this  rock  exposure,  which  forms  a  rapid  place  crossing  the 
middle  channel  diagonally,  is  Homestead  Island,  or  island  No.  6.  The 
rock  is  very  like  that  forming  the  falls,  but  probably  lies  below  it,  as 
it  is  a  little  further  north.  In  these  rapids  is  a  little  rocky  island,  ris- 
ing about  eight  or  ten  feet  above  the  river,  having  three  or  four  grow- 
ing pines  and  cedars.  These  rapids  are  higher  up  the  river  than  Nor- 
wood's **last  rock,*' 

490.  An  arenaceous,  somewhat  slaty,  hani,  gray  rock,  from  the 
rapids  in  the  middle  channel,  north  of  island  No.  5,  near  Knife  Falls. 

491.  From  pear  the  same  place  as  No.  490,  and  related  to  it  in  posi- 
tion, in  the  same  manner  as  the  spit  of  hard  rock  below  the  falls  is  to 
the  rock  in  the  brink  of  the  falls,  i.  e.  in  a  conspicuous  strike  parallel 
and  thirty  or  forty  feet  further  north;  a  firm  gray  quartzyte. 

492.  Doleryte,  from  large  boulders  at  the  rapids  at  the  head  of  is- 
land No.  4,  scattered  about  as  if  from  a  large  dyke  in  place  near,  but 
cannot  be  seen  in  place. 

493.  Gray  quartzyte  from  boulders  apparently  derived  from  the  rock 
in  place  near.     The  rock  of  the  formation  is  in  place  at  this  point. 

494.  Rock  from  one  of  the  firmer  beds  of  the  formation  about  one- 
half  mile  below  Knife  Palls,  at  the  river  bank. 

Below  Knife  Falls  in  the  first  quarter  of  a  mile  there  is  a  descent  by 
rapids,  of  about  twenty  feet.  The  river  then  turns  SE.  The  water  is 
still  rapid,  and  has  a  broken  cascade  over  boulders  at  one-half  mile, 
with  a  fall  of  about  three  feet.     The  rock  is  exposed  constantly  from 
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Knife  Falls,  the  precipitous  walls  rising,  at  the  cascade  just  mentioned, 
to  the  hight  of  twenty-five  feet. 

At  a  quarter  of  a  mile  below  this  is  a  fall  of  about  seventeen  feet  in 
three  hundred  teet,  there  being  no  perpendicular  fall.  There  is  a  divi- 
sion of  the  stream  into  four  channels  by  the  strike  of  five  different  per- 
sistent beds  in  the  tormatiou,  the  water  running  in  the  strike  ot  the 
intervening  beds,  the  hard  beds  forming  islands  in  the  falls.  The 
width  of  the  river  at  the  brink  is  about  two  hundred  and  thirty  feet' 
and  a  dyke  of  about  two  hundred  feet  crosses  the  river  just  at  the  head 
of  thefall.  This  dyke  is  destroyed  by  the  river  faster  than  the  rock 
itself,  owing  to  its  frequent  jointage;  and  the  most  rapid  descent  of 
the  water  is  over  the  hardened  beds  of  the  formation  on  the  east  side 
of  the  dyke. 

495.  Rock  from  the  two  hundred  feet  dyke  at  the  falls  above  men, 
tioned.  This  dyke  runs  N.  5  deg.  E.,  and  is  of  a  firm  and  fine  grain" 
though  principally  feldspathic.  The  dyke  is  finely  jointed  and  easily 
shattered  by  the  frost.     The  dip  of  the  formation  is  S.  60  deg. 

About  one-fourth  mile  below  this  fall  the  river  turns  about  south, 
so  as  to  go  directly  against  the  strike  of  the  rocks.  The  banks  increase 
in  height,  the  dip  increases  in  degree,  and  at  three-fourths  of  a  mile  fur- 
ther, there  is  a  high  rocky  island  (Fortress  Island)  from  the  foot  of 
which  a  portage  trail  sets  out  to  Knife  Falls,  on  the  west  side  of  the 
river.  The  larger  part  of  the  sti  eam  passes  on  the  left  of  the  island, 
the  descent  being  eight  feet  over  large  boulders.  At  this  place  the 
rock  of  the  country  is  wholly  slaty;  and  although  a  short  distance 
above  the  island  there  is  a  gradual  change  in  dip  from  60  to  TO  deg., 
and  then  to  90  deg.,  as  the  river  exposes  the  beds,  yet  in  vie  win  *?  the 
island  from  the  N.  W.  down  stream,  there  is,  besides  the  slaty  cleaV 
age,  a  coarse  bedding  or  jointage  system  visible  on  the  east  side  of  the 
island  that  seems  to  dip  about  46  deg.  S.  E.  At  a  distance  the  island 
itself,  in  its  perpendicular  walls,  covered  with  a  red  lichen,  cut  by 
joints  that  cause  the  slates  to  fall  away  in  masses,  looks  like  a  basaltic 
island  of  igneous  rock.  But  there  is  no  igneous  rock  in  it.  It  rises 
fifty  or  fifty-five  feet  above  the  water,  and  is  covered  by  small  pines, 
among  which  are  many  Norways.  The  actual  bedding  either  coincides 
with  the  slaty  cleavage  or  dips  S.  E.  at  about  45  deg.  This  is  an  in- 
teresting spot.  The  appearance  of  the  island  reminds  one  of  basaltic 
Staffa,  but  of  course  its  structure  does  not  illustrate  that.  The  banks 
of  the  river  are  not  so  high  as  the  island,  but  on  the  east  side  the  rock 
rises  fully  as  high  a  short  distance  back.     Below  the  island  the  valley 
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is  deep  and  has  high,  slaty  walls,  the  water  l>eing  steady  for  at  least 
half  a  mile. 

The  portage  trail  which  sets  out  here,  going  west,  is  that  traveled 
by  Norwood,  and  by  the  explorers  and  geologists  that  preceded  him. 
Duluth  was  probabl}*^  the  first  white  man  that  passed  over  it.  It  leads 
to  the  Mississippi  and  to  Vermilion  lake.  Douglass  Houghton  traveled 
it  with  Schoolcraft,  and  with  Lewis  Cass.  It  was  the  outlet  for  the 
immense  fur-traffic  of  the  Upper  Mississippi  region.  The  name 
"Knife  Portage,"  by  which  it  is  usually  known,  is  well  applied,  be- 
cause where  it  starts,  and  for  some  distance,  the  slates  are  thin,  per- 
pendicular and  shaq)  like  knives. 

496.  The  rock  of  the  country,  from  the  beds  in  situ  at  the  head  of 
the  uppermost  of  the  chain  islands  above  Knife  Falls,  (same  as  493.) 
This  was  got  by  Mr.  Terry  on  making  a  re-examination  of  the  rapids. 
He  reported  no  dyke  in  place  there. 

497.  From  near  the  middle  of  the  central  channel,  a  short  distance 
above  the  head  of  the  uppermost  chain  island,  gray  quartzyte,  (Terr}-.) 

Mr.  Terry  also  found  similar  rock  in  place  near  the  head  of  Home- 
stead Island,  but  a  little  on  the  north  side,  in  the  central  channel, 
which  seems  to  be  really  the  **last  rock**  to  be  found  in  the  St.  Louis, 
until  reaching  its  higher  tributaries. 

498.  The  rock  of  the  countrj'  from  one  hundred  and  fifty  yards 
above  the  fall  where  495  was  obtained.     (Weitbrecht.) 

499.  Rock  immediately  overlying  498.     (Weitbrecht.) 

500.  Slate  from  just  below  the  falls  described  under  No  494. 
(Weitbrecht.) 

501.  Doleryte  dyke-rock,  center  of  Sec.  19,  49,  16,  right  bank  of 
the  river. 

Below  Fortress  Island,  where  the  first  little  rapid  is  seen,  a  dyke 
crosses  the  river  about  N.  and  S.  It  is  forty  or  fifty  feet  wide,  and  is 
best  exposed  in  the  right  bank  some  rods  below  the  rapids.  It  is  rep- 
resented by  No.  501  This  dyke  appears  again  thirty  rods  further 
down,  and  can  be  traced  for  half  a  mile  along  the  right  bank,  to  and 
beyond  the  floodwood.  The  direction  of  this  dyke  carries  it  across  the 
railroad,  near  Paine's  mile  at  N.  P.  Junction. 

The  river  is  then  tolerably  slow  to  and  beyond  the  cluster  of  small 
islands  just  below  the  floodwood  (hence  named  Floodwood  Islands.) 
The  floodwood  now  is  a  floating  jam,  in  length  about  the  same  as  the 
width  of  the  river,  six  hundred  feet,  with  a  few  alders  on  it,  and  is 
wholly  above  the  islands,  the  lower  end  of  it  being  about  1,2<><>  feet 
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above  the  islands.      There  is,  however,  a  considerable  other  floodwood 
lodged  about  the  islands  and  sunken  between  them. 

The  river  is  then  slow  and  broad  down  to  three  other  islands  (not 
represented   on  the  surveyors'  charts)  below  which  it  again  soon  de- 
scends over  rapids  caused  by  boulders,  about,  two  feet.     Here  the  river 
is  broad  and  shallow.     Then  appear  two  islands  represented  in  the  S. 
W.  i  Sec.  30.      Between  the  larger  of  these  and  the  right  bank  of  the 
river  is  another  rapid  descent  about  three  feet,  over  boulders.     The 
rock  of  the  country,  however,  closely  underlies,  as  shown  by  an  out- 
crop a  few  rods  west  of  the  right  bank. 

At  about  a  mile  above  ''Cut  No.  3"  (N  )  on  the  grade  of  the  Knife 
Falls  railroad,  mentioned  under  No  475,  a  creek  crosses  the  new  grade. 
At  this  place  there  is  a  cut  in  the  rock  on  each  side  of  the  bridge. 
That  on  the  south  side  is  short  and  about  four  feet  high,  while  that  on 
the  north  side  is  about  nine  feet  high,  and  extends  about  one  hundred 
and  twenty  feet.  In  the  south  cut  the  slaty  cleavage  dips  to  the  south, 
but  is  nearly  perpendicular.  In  the  north  cut  it  is  also  nearly  perpen- 
dicular but  dips  to  the  north.  The  sedimentary  bedding  is  not  dis" 
cemed.  There  are  belts  of  lumpy,  white  vesicular  quartz,  coincident 
with  the  slaty  cleavage,  which  lenticular  lumps  are  surrounded  by  a 
greenish  ^ippery  coating  that  often  appears  slickensided.  These  belts 
are  sometimes  wholly  of  quartz,  and  are  continuous  for  some  feet,  and 
reach  five  or  six  inches  in  thickness.  They  seem  to  be  the  result  of 
foliation  coincident  with  the  direction  of  the  original  sedimentation. 

At  the  next  cut  which  is  about  one-fourth  mile  further  north,  the 
depth  is  five  feet,  and  the  slaty  cleavage  dips  slightly  to  the  north. 
The  cut  extends  about  four  and  one-half  rods.  The  rock  is  wholly 
slaty,  and  no  sedimentary  structure  is  observable  unless  it  coincides 
with  the  slaty  cleavage. 

The  road  runs  over  water-worn  boulders,  with  much  corduroy,  with 
no  soil,  nearly  to  the  creek  mentioned  Then  there  is  a  filling,  then 
occasional  fills  and  shallow  cuts  in  a  little  stony  loam,  with  large 
boulders,  the  country  being  clothed  with  swampy  varieties  of  trees. 

Just  beyond  the  point  where  the  road  strikes  the  drift  bluffs  of  the 
river,  another  cut  in  slate-rock  appears,  the  cleavage  dipping  north,  as 
before,  and  including  conformable  layers  or  folia  of  white  quartz,  in 
varying  quantities  This  is  a  firm  slate,  suitable  for  roofing,  like 
much  of  it  throughout  the  country.  A  short  distance  further  are  two 
small  cuts  in  slate.  In  the  northern  one  the  slaty  cleavage  is  different 
in  different  parts  contiguous.  The  most  of -it  dips  toward  the  north, 
at  an  angle  of  about  45  deg.,  but  in  the  midst  of  it  are  two  belts  that 
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run  from  the  top  to  the  bottom  of  the  cut,  in  which  the  dip  is  about 
80  deg.  toward  the  north.  This  cut  is  thirtj^  feet  long  and  six  feet 
high.  Further  N.  W.  the  road  runs  on  a  dirt  fill  on  the  slate  ranges 
about  a  quarter  of  a  mile.  The  rock  can  be  seen  and  shows  heavy 
bedding  dipping  toward  the  south  about  45  deg.,  the  slaty  cleavage 
crossing  the  bedding  wiiii  a  dip  of  about  the  same  amoimt  in  the  op- 
posite direction,  the  cleavage  showing  a  twist  out  of  the  normal  direc- 
tion as  it  passes  the  joints  from  bed  to  bed.  The  whole  aspect  of  these 
^idges  is  light-green. 

At  half  a  mile  further  is  a  long  cut  in  greenish  slates,  perpendicular, 
or  at  the  north  end  slightly  dipping  to  the  north,  and  at  one-eighth 
mile  further  another  small  cut  having  the  same  features.  Two  more 
small  ones  appear  before  reaching  a  dyke  which  exposes  a  width  at 
least  of  thirty  feet.  It  appears  on  the  N.  £.  side  of  the  road  and  runs 
apparently,  E.  N.  E.  It  is  cut  by  the  grade  to  the  depth  of  about 
three  feet,  with  a  slate  cut  immediately  south  east  of  it.  At  half  a 
mile  further  another  dyke  oi  similar  character  is  seen  near  the  Knife 
Falls.  It  is  in  place  by  the  N.  E.  side  of  the  grade,  and  was  slightly 
cut  in  the  grading.  Its  width  and  direction  cannot  easily  be  seen 
owing  to  the  forest. 

602.  Gray  doleryte,  like  No.  501,  from  the  dyke  last  j^ientioned. 
One  other  cut  in  slate  appears  beyond  the  dyke  about  a  quarter  of  a 
mile,  but  showing  only  on  the  north  side,  though  frequent  ranges  of 
slate  appear  along  the  grade  on  both  sides,  rising  six  or  ten  feet. 

503.  Gray  doleryte  from  the  E.  N.  E.  dyke  before  mentioned,  ap- 
parently the  same  as  No.  502. 

504.  Gray  quartzyte  holding  slate-pebbles,  as  if  conglomeri*^^ic, 
about  two  and  one-half  miles  from  the  Junction  on  the  grade  of  the 
railroad,  situated  between  the  "Cut  No.  3'*  and  the  creek  mentioned 
after  No.  501.  This  quartzyte  hardly  has  any  cleavage,  but  shows  a 
lamination  in  laminae  about  an  inch  thick,  which  indistinctly  appear 
on  shattering  the  rock  by  blasting.  These  have  a  high  angle  of  dip 
toward  the  north,  across  the  bedding,  which  dips  south  at  about  the 
same  angle;  and  they  are  probably  the  product  in  this  quartzyte  of  the 
same  operation  that  caused  the  slatv  cleavage  in  the  slates.  Although 
styled  quartzyte,  here  as  well  as  in  other  places,  this  rock  also  contains 
a  large  ingerdient  of  feldspar  which  in  No.  504  is  partly  orthoclose. 
In  others,  the  feldspar  has  been  seen  to  be,  at  least  in  part,  a 
striated  feldspar.  The  slaty  pebbles  in  this  rock  are  rounded,  and  are 
often  half  an  inch  in  diameter,  and  occasionally  are  two  inches  long. 
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They  are  fine-grained,  and  resemble  the  slippery  coating  that  surrounds 
the  quartz  deposits  mentioned  under  No.  501. 

505.  At  the  long  "cut  No.  3,"  mentioned  under  No.  475,  there  are 
several  interesting  features  exhibited  by^  the  strata  of  the  formation. 
This  is  nearly  two  miles  north  of  the  N.  P.  Junction. 

1st.  In  the  north  end  of  the  cut  the  slaty  cleavage  dips  north  about 
80  deg.,  and  in  the  south  end  it  is  nearly  perpendicular. 

2nd.  In  the  southern  portion  of  the  cut  is  a  change  in  the  forma- 
tion from  slate  to  a  gray  arenaceous  rock  like  Nos.  469,  478,  488,  491, 
493,  497  and  504,  though  it  is  not  conglomeritic  like  the  last;  and  the 
slaty  cleavage  on  both  sides  of  this  rock  is  conformable  with  its  sur- 
faces. This  rock  is  represented  by  No.  505.  It  has  somewhat  the 
outward  appearance  of  a  dyke  of  igneous  rock  crossing  the  road  in  a 
zigzag  course  E  5  deg.  N.  It  weathers  nearly  white  and  has  a  width 
of  twenty -seven  paces. 

3rd.  This  rock,  (505)  has  no  slaty  cleavage,  but  a  coarse  jointing. 
The  slate  beds  on  the  north  side  dip  N.  and  on  the  south  side  they  are 
about  perpendicular. 

4th.     On  the  east  of  the  road,  one-fourth  mile  distant,  is  a  high  hill 
of  rock  of  this  kind,  and  near  the  north  end,  on  the  west  side,  the 
ridges  show  a  twisting  in  their  strike,  or  a  quaquaversal  thr<  w,  so  that . 
the  E.  and  W.  slaty  cleavage  crosses  them  diagonally,  the  ridges  bear- 
ing S.  E.  and  N.  W. 

5th.  Hence  the  slaty  cleavage  came  after  the  tilting  of  the  forma- 
tion, and  keeps  its  E.  and  W.  course  whatever  the  direction  or  amount 
of  the  dip. 

6th.  The  hill  of  this  rock,  above  mentioned,  is  east  of  the  road  less 
than  one-fourth  mile.  It  is  an  isolated  knob  rising  about  twenty-five 
feet  above  all  the  other  ridges.  It  is  about  circular  and  five  rods  over, 
with  a  broad  rounded  top.  It  seems  to  be  a  sudden  augmentation  of 
No.  505  among  the  slates,  and  its  connection  ^^ith  No.  505  in  cut  No. 
3,  can  be  traced  connectedly.  The  course  of  505  is  about  toward  the 
rapid  in  the  St.  Louis,  three  quarters  of  a  mile  above  the  Big  Island  in 
the  river  near  Thomson. 

506.  Large  sample  of  slate,  showing  the  slaty  cleavage  crossing  the 
sedimentation,  from  one  mile  north  of  N.  P.  Junction,  Knife  Falls 
railroad. 

Along  the  east  side  of  the  Big  Island  near  Thomson,  the  ranges 
cross  the  river,  causing  rapids,  and  a  descent  of  about  ten  feet  in 
twenty  rods,  the  most  of  it  being  in  the  lower  ten  rods.  The  river 
here  runs  against  the  strike,  and  the  channel  is  narrowed  as  below 
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Thomson  suddenly,  to  about  thirty  feet.  The  rock  dips  45  deg.  N. 
and  stands  up  conspicuously  along  both  sides  of  the  channel,  the  slaty 
cleavage  dipping  45  deg.  to  the  south.  There  is  then  comparatively 
still  water  to  about  the  middle  of  Sec.  31,  (south  of  it  a  little),  where 
the  rock  again  causes  rapids  and  a  descent  of  six  or  eight  feet. 

507.  Gray,  slaty  quartzyte,  "just  across  the  north  channel  at  the 
head  of  the  second  rapids,  on  Homestead  Island.*'     (Terry.) 

508.  At  the  extreme  upper  end  of  Homestead  Island,  at  the  very 
point,  higher  up  than  any  rock  along  there  before  mentioned ;  a  gray 
quartzyte,  with  visible  grains  of  quartz.     (Terry.) 

509.  Some  rods  east  of  the  head  of  Homestead  Island,  on  the  north 
side,  about  one  hundred  rods  west  of  the  head  of  the  rapids  that  there 
run  across  to  the  other  islands;  a  gray  quartzyte.     (Teriy.) 

510.  Slate  from  the  very  foot  of  Homestead  Island,  below  the  rnpids 
last  mentioned.     (Terry.) 

The  Chain  islands,  here  so  designated,  are  often  known  as  Green  Is- 
lands, from  the  man  who  preempted  them.  The  "Grand  Rapids,"  of 
the  St.  Louis  begin  one-half  mile  above  Pine  Island,  and  continue  five 
or  six  miles.  The  water  then  is  comparatively  quiet  to  the  mouth  of 
the  Cloquet.     Just  below  its  mouth  is  a  large  rapid.     (Mallmann.) 

Downward  section  of  the  red  sand  rock  and  shales  at  Fond  dn  Lac* 

1.  (443.)  Red  sand  rock,  quarried  at  Fond  du  Lac.  This  begins 
above  the  level  of  the  railroad  grade  and  extends  downward  through  a 
thickness  of  (estimated) 50  ft. 

2.  Dark  red  shale 18  ft. 

3.  Shaly  sand  rock,  less  firm  and  siliceous  than  No.    1, 
(changes  gradually  to  the  next) 12  ft, 

4.  Red  shale,  with  some  sandy  beds ". . .     30  ft. 

Ascending  the  river,  here  it  turns  south,  and  as  the  dip  is  to  the  S. 

or  S.  E.  the  saud  rock  No.  1  is  brought  again  into  sight  in  the  banks 

of  the  river  at  the  extremity  of  the  point,  and  in  the  opposite  bank  of 

the  river.     This  is  about  one-half  mile  west  of  the  state  line.     No.  4 

again  occupies  the  low  river  bank  (north  bank)  above  the  point,  after 

it  turns  west  again,  for  ten  or  fifteen  rods.     It  has  some  beds  of  light 

color,  a  few   inches   thick,  such  lighter  colored  beds  being-  coarser. 

After  a  short  distance  of  no  visible  rock,  the  underlying  beds  appear, 

viz. : 

Ft.     In. 

5.  Fine  conglomerate  light 6 

6.  Red  fissile  shale 8 

Also  sec  Nos.  443  to  449. 
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7.  Light  colored  coarse  sai.drock,  or  fine  conglomerate..  8 

8.  Red  fissile  shale ^ 4  6 

9.  Fine  conglomerate  (light) 5 

10.  Fissile  red  shale 3 

11.  Fine  conglomerate  (light) 3 

12.  Fissile  shale,   with  green  spots,   some   beds    ripple- 

marked - 14 

13.  Fine  conglomerate 8 

U.     Fissileshale 3 

15.  Fine  conglomerate 2 

16.  Fissileshale 3 

17.  Fine  conglomerate 4 

18.  Fissile  shale 4 

19.  Fine  conglomerate 1 

20.  Fissileshale 3  6 

21.  I  ine  conglomerate 1  6 

22.  Shale  and  shaly  sandrock,  with  layers  of  light  green, 

seen 14 

The  bluff  here  is  about  twenty-two  feet,  (of  exposed  rock)  for  about 
thirty-five  rods,  below  the  creek  that  comes  under  ''Bridge  No.  l,"  and 
for  about  ten  rods  above,  the  opposite  bank  having  no  exposure. » 

Ft.     In. 

23.  Light  red  sandstone... 3 

24  Fine  red  conglomerate *          6 

25.  Shaly  sandrock,  red 10 

26.  fine  red  c(mglomerate 3  6 

27.  Red  shale  and  shaly  sandstone;  makes  a  dark  band. ..  9 

28.  Lighter  colored  sandrock 8 

29.  Green  shale 6 

30.  Red  shale  and  shaly  sandrock 9 

31.  Fine  conglomerate,  with  some  thin  layers  of  shale 4 

32.  Sandrock,  mottled  and  striped  with  cross-sedimenta- 

tion      5 

The  mouth  of  the  creek  coming  under  Bridge  No.  1,  is  on  this  sand- 
rock. 

33.  Fine  conglomerate;  the  middle  of  this  has  pebbles  an 

inch  across,  but  is  finer  above  and  below 7 

34.  Shaly  sandrock,  with  specular  specks,  as  if  micaceous 

or  heematitic.    This  extends  but  few   feet,  and 

pinches  out  into  fine  conglomerate 8 

35.  Fine  conglomerate 10 


I 
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36.  Fine  shale 4 

37.  Fine  conglomerate 2 

38.  Shale .• 2 

39.  Fine  conglomerate,  light-colored ., 6 

40.  Sandstone,  light-colored  and  red,  with  horizontal  bed- 

ding; pinches  out  in  fine  conglomerate  in  twenty- 
feet 1  2 

41.  Fine  red  conglomerate  mth  false  bedding,  passing  be- 

low into  a  coarse,  light-colored  sandrock  with  false 

bedding 3  6 

43.     Red,criimbling  conglomerate,  coarser  below,  with  some 

pebbles  of  two  inches .., 7 

43.  Shale,  with  green  spots  and  some  conglomerate 1  6 

44.  Firmer,  lighter  colored  conglomerate,  inclosing  beds 

of  shaly  sandrock  which  have  cross-sedimentation.     3 

45.  Fine  green  and  red  shale 7 

46.  Coarse  shale 1 

47.  Fine  red  shale.      Of  thib,  but  one  foot  can  be  seen  at 

first;  but  as  No.  44  strikes  across  the  river  form- 
ing a  little  rapid,  and  shows  its  place  of  beginning 
•  on  the  right  bank,  the  section  is  easily  continued 
on  that  bank.  The  stream  here  runs  nearly  at 
right  angles  to  the  strike,  and  a  bluff  rises  about 
eighteen  feet  on  the  right  bank  consisting  of  Nos. 
41,  42  and  43,  or  beds  like  them.  Large  blocks  of 
No.  44  lie  along  the  river,  in  the  talus  on  the  left 
bank.  In  these  blocks  are  mainly  pebbles  of  white 
quartz;  then  jasperoid  and  colored  quartzytes; 
then  arenaceous  quartzyte  of  a  red  or  pink  color; 
then  pieces  of  a  greenish  slate,  and  rock  like  the 
.  Thomson  slate  rock.  The  pebbles  are  generally 
under  an  inch  in  size,  and  the  surrounding  mater- 
ial is  also  a  fine  conglomerate 15 

48.  Coarse,  firm,  light-colored  pyritiferous  conglomerate, 

sloping  gradually  into  the  water.  This  includes 
lenticular  spots  of  shaly  sandrock,  and  of  red  con- 
glomerate. For  some  rods  the  upper  surface  of 
this  conglomerate  forms  the  low  shore  and  is 
washed  by  high  water,  dipping  into  the  river  at 
an  angle  of  8  deg.  It  then  stops  abruptly  by  a 
fault,  and  the  shore  is  occupied  by  a  red  and  spot- 
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ted  green  shale  like  47,  of  which  the  dip  is  more  to 
the  south.  Where  the  conglomerate  is  broken  oflFit 
is  highly  pyritiferous,  and  cemented  into  a  com- 
pact rock,  and  at  the  srery  fracture  the  whole  is 
changed  and  vitrified,  making  a  firm  greenish 
quartzyte.  In  the  bluffs  on  the  opposite  shore, 
(i.  e.  on  the  right  bank,)  may  be  seen  four  separ- 
ate faults  crossing  the  red  &hale  andsand  stone  beds 
(apparently  41,  42  and  43,)  from  the  top  to  the 
bottom.  This  is  just  opposite  the  point  of  fault- 
ing of  the  conglomerate  on  the  left  bank.  After 
the  abrupt  disappearance  of  this  conglomerate  the 
left  bank  in  ascending  the  stream  is  found  to  be 
occupied  by  a  low  exposure  of  layers  of  green  and 
red  shale  belonging  to  some  higher  portion  of  the 
section,  while  the  right  bank  opposite  is  a  bluff 
with  an  average  exposure  of  ten  feet  of  rock,  con- 
sisting of  red  shale  and  shaly  rock,  with  varying 
dip.  All  at  once  the  coarse  conglomerate  rises 
again,! but  not  so  suddenly  as  it  disappeared,  and 
forms  the  shore  to  the  place  where  the  slate  for- 
mation is  found  underlying  it  unconformably. 
Where  the  conglomerate  reappears  it  seems  not  to 
be  faulted,  but  bent  and  somewhat  broken  upward, 
the  shale-beds  above  also  being  somewhat  bent  and 
compressed,  though  maintaining  a  green  color 
where  in  contact  with  the  conglomerate.  The 
change  of  level  is  about  two  feet,  and  it  is  ex- 
pressed on  the  opposite  shore  in  undulations  in  the 
strata.  It  is  about  forty  rods  above  this  point 
that  the  slates  first  appear  under  the  conglomerate, 

estimated 1 50  ft. 

49.  Coarser  conglomerate,  containing  about  the  same  ma- 
terials as  the  last,  except  the  layers  of  sandrock. 
Dips  S.  E.  or  S.  S.  E.  7-10  deg.  The  white  quartz 
pebbles  are  sometimes  six  or  more  inches  in  diame- 
ter. Some  are  of  gray,  or  even  a  black  jaspeiy 
quartzyte,  and  some  are  pieces  of  the  underlying 
slate,  showing  the  slate  must  have  hardened  as  slate 
prior  to  the  deposit  of  the  conglomerate.  On  the  oth- 
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erhand  it  is  to  be  noticed  that  a  roughly  slaty  man- 
ner of  disintegration  passes  upward  into  the  con- 
glomerate from  the  slates  where  the  weather  has 
acted  on  the  two  at  that  horizon,  the  pebbles  and 
cement  falling  oflP  in  slabs  or  lumps  that  are  elon- 
gated in  the  direction  of  the  slatiness  of  the  slates 
and  parallel  with  them,  as  if  the  cause  that  oper- 
ated to  produce  the  slatiness  had  taken  effect  since 
..^  the  deposition  of  the  conglomerate,  and  had  re- 
sulted m  a  similar  structure  in  the  overlying 
rock.  In  this  conglomerate  are  pebbles  of  gray 
and  black  jaspery  quartzyte  which  much  resemble 
the  great  quartzyte  of  the  boundary  line,  seen  at 
Pigeon  Point,  and  really  can  be  referred  to  that 
formation.  This  seems  to  imply  that  that  forma- 
tion, which,  with  its  jasper  beds  overlies  the  slates, 
should  come  in  between  the  conglomerate  and  the 
slates,  but  for  some  reason  is  wanting  here.  The 
conglomerate  at  Grand  Portage  Bay  may  have  that 
relation.  (V.  No.  254.)  In  some  places  a  layer 
of  green  shale  lies  between  the  conglomerate  and 
the  slates.  It  is  a  foot  thick.  The  coarse  pebbly 
.quartzose  conglomerate  has  an  estimated  thick- 
ness of 100  ft. 

The  overlying  finer  conglomerate  is  often  red. 

Total  observed  thickness  of  the  Potsdam  at  Fond 

du  Lac  is  therefore 412  ft.  4  in. 

By  making  a  general  trigonometrical  calculation,  with  an  average 
dip  of  6  deg.,  and  a  hypothenuse  one  and  one-half  miles  long,  from 
Chamber's  quarry  to  about  half  way  between  bridge  No.  1  and  No.  2, 
where  the  conglomerate  begins,  the  thickness  of  the  red  sandrock  and 
shale  is  fonnd  to  be  883  feet.  To  this  must  be  added  the  coarse  con* 
glomerate. 

From  Duluth  to  Silver  Islet  and  Setum. 

511.  At  a  point  in  the  bed  of  Miller's  Creek,  just  above  the  high- 
way bridge  near  the  \  section  line  of  32  T.  50,  14,  424  feet  above  Lake 
Superior,  this  sample  was  obtained.  The  rock,  which  is  gabbro 
associated  with  fine  red  syenite,  extends  indefinitely  up  stream. 
It  is  jointed  conspicuously  N.  W.  and  S.  E.  like  a  dyke.     It  is  in  some 
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places  speckled  finely  with  red  f^dspar,  and  in  others  it  is  crossed  by 
veins  of  red  feldspar,  some  being  an  inch  in  width  and  others  very 
thin,  somewhat  resembling:  the  rock  at  the  old  quarry  of  Maj.  Newson 
at  Duluth.  Below  the  bridge  is  a  rapid  descent  over  rock  of  the  same 
sort,  in  which  the  formation  shows  a  coarse  bedded  structure,  and 
dips  E.  at  an  angle  of  about  25  degrees.  The  left  banlc  of  the  creek 
rises  perpendicular  about  23  feet,  and  the  right  slopes  up  gradually 
with  the  dip  of  the  rock.  The  summit  of  the  gap  through  the  hill 
range  is  607  feet  above  lake  Superior.  This  is  about  a  mile  beyond 
the  crossing  of  Miller's  creek. 

512.  N.  E.  i  Sec.  25,  T.  50, 15.  Along  the  Herman  town  road  oc- 
casional exposures  are  seen,  rising  above  the  rolling  surface  of  gravel- 
ly red  clay,  of  which  this  is  a  sample.  It  is  a  heavy,  gray  trappean 
rock  with  so  much  magnetite  as  to  disturb  the  needle.  Land  of  Peter 
Benson. 

513.  Rice  Point  gabbro,  from  a  cropping  on  the  N.  W.  i  N.  E.  i 
Sec  27,  T.  50,  15. 

514.  S.  W.  i  Sec.  22,  T.  50,  15,  (near  the  center  of  the  quarter), 
land  of  John  Mallmann.  Here  is  an  unusually  magnetited  bed  of  the 
rock  of  the  country.  It  can  be  traced  along  about  200  feet,  having  a 
width  of  about  20  feet,  as  exposed,  in  low  ground,  bearing  E.  10°  N. 
It  lies  5  rods  to  the  north  of  another  series  of  croppings  of  rock  like 
No.  513.  On  the  opposite  side  of  a  little  creek,  north  of  this  number, 
is  also  a  line  of  outcrop  of  rock  like  513.  No.  514  controls  the  needle 
entirely.  It  is  dark,  but  specked  with  porphyritic  crystals  of  labra- 
dorite.  The  center  of  Sec.  30,  T.  ^0,  14,  is  the  highest  point  in  the 
hill-range,  on  the  Herman  town  road,  and  is  747  feet  above  lake 
Superior. 

Reviewing  the  rocks  between  Minnesota  Point  and  Kinichigaquag 
creek  one  is  compelled  to  the  conclusion  that  they  are  mainly  sedi- 
mentary; f.  e.,  in  the  sense  that  they  were  deposited  in  water  and 
in  that  way  received  their  stratified  arrangement.  They  dip  S.  E. 
They  also  exhibit  some  of  the  characters  of  igneous  rocks,  viz. :  their 
amygdaloidal  structure,  their  color,  their  hardness,  and  an  occasional 
wrinkled  surface,  that  was  formed  by  the  fluid  condition  of  the  rock 
when  flowing  down  an  incline.  The  last  characteristic  particularly 
seems  to  prove  that  some  of  the  beds  were  molten.  On  the  other  hand 
they  show  nearly  all  the  characters  of  sedementation — parallel  lamin- 
ation, dipping  in  a  constant,  or  nearly  constant,  direction,  cross-strat- 
ification, variation  of  texture  and  color  as  well  as  mineral  composition 
in  the  direction  across  the  bedding.     Whether  they  lie,  stratgiraphic 
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ally,  above  or  below  the  saudrock  at  Fond  dii  Lac  is  solely  a  matter  of 
speculation,  so  far  as  the  evidence  here  has  any  bearing. 

There  is  a  red  sectile  rock  (Nos.  18,  19  and  30)  that  shows  eonspicu- 
ously  along  here,  between  Duluth  and  Chester  Creek,  which  may  have 
been  driven  by  semi-fusion,  and  by  igneous  injection  into  the  oi)en- 
ings,  &c.,  of  the  lower  part  of  the  igneous  rock  that  forms  Rice  Point, 
and  thejhills  back  of  Duluth.  This  is  on  the  supposition  that  the  K ice 
Point  rock  lies  over  the  Chester  Creek  bed,  and  is  in  keeping  with  the 
fact  that  a  red  feldspathic  rock  occurs  in  patches  in  Duluth,  and  is  in 
seams  in  the  Kice  Point  rock  at  Newson's  quarry.  In  that  case  the  point 
of  outflow  of  igneous  rock  was  further  to  the  northwest,  and  the  lava  ran 
over  the  broken  beds  toward  the  S.  E.  Before  the  full  force  of  tlu» 
igneous  overflow  is  met  in  passing  N.  E.  along  the  coast,  the  sedimen- 
tary beds  occupj'  the  coast  except  where,  by  dykes,  or  by  inter  bedding, 
or  by  local  outflows,  the  trap  rock  is  found  in  its  place.  This  in«li- 
cates  that  during  the  period  of  deposition  the  igneous  disturbanci^s 
were  going  on,  and  that  the  serai-igneous  nature  of  the  beds  may  be 
due  partly  to  the  proximity  of  the  igneous  vents  which  would  not  only 
give  an  occasional  flow  of  truly  igneous  rock,  but  would  furnish  a  sedi- 
ment quite  difl*erent  from  an  ordinary  oceanic  dei)osit.  Ordinarily  the 
sedimentary  beds  have  a  reddish  color,  but  in  the  neighborhood  of  Ches- 
ter  Creek,  and  in  Duluth  some  of  them  are  greenish.  The  trap-r<K*k 
seems  to  take  a  bluish  green  color  along  the  shore.  Occasionally  a 
hardening  of  the  sedimentarj'  beds  is  produced  so  as  to  fonn  a  rounded 
point  or  promontory-,  or  a  shaq)  rocky  point.  Without  such  harden- 
ing the  sedimentary  beds  usually  are  less  durable  than  the  trap-rock. 
In  some  cases,  still,  there  is  so  close  a  mingling  of  igneous  and  sedi- 
mentary characters  it  is  wholly  impossible  to  decide,  on  the  spot, 
whether  a  rock  be  igneous  or  not. 

515.  At  Sucker  river  (Y.  No,  89).  A  fine-grained  igneous  rock, 
which  crosses  the  mouth  of  the  river.  But  it  runs  N.  E.  instead  of 
N.  5°  E. 

516.  Forms  the  bed  of  the  stream,  and  appears  like  a  bed  of  lava, 
being  not  jointed  regularly,  but  smooth  and  massive,  with  pot-holes. 
This  disintegrates  into  globules  and  rots  to  a  great  depth  before  fall- 
ing away.  It  is  heavy,  dark  green,  and  almost  black  when  wet.  In 
the  stream  are  many  pieces  of  prehnite-amygdaloid  with  a  little  native 
copper.  These  must  have  come  down  the  stream  from  a  belt  which 
runs  from  French  river  south westerlj',  back  of  Crystal  Bay,  and  N. 
E.  to  Sucker  river. 

East  of  Stony  Point,  which  is  the  east  point  of  Sucker  bay,  the 
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rock  fomiing  the  immediate  shore  is  an  overflow  of  heavy  dark  trap 

which  extends  to  Knife  river;  but  within  the  bay  east  of  Knife  river 

ar^  aniygdaloids  and  purgatories  for  a  mile  and   a  half.     Thin  clay 

hides  the  rock,  except  occasionally,  to  the  west  point  of  Agate  bay 

where  begins  about  the  same  series   of  amygdaloids  and  non-aniygda- 

loids  as  seen  near  Knife  river,  extending  round  the  point  and  along 

the  west  side  of  Agate  bay.     Thus   the   rock   from   Stony   Point  to 

Agate  Bay  is  all   igneous.     There  is  a  similar  alternation  on  the  west 

side  of  Burlington  Bay.     (V.  Nos.  94-102.) 

517.  Fine-grained  trap,  bedded,  from  the  foot  of  the  high  bluff  at 
the  north  of  Gooseberry  river.     (V.  108.) 

5l5^-  Trap-rock,  top  of  the  low  bluff  at  the  south  end  of  the  beach 
at  Gooseberry  river,  containing  amygdules  of  chalcedony.  Furnishes 
some  of  the  pebbles,  and  all  of  the  agates  of  the  Gooseberry  beach. 
This  rock  slopes  into  the  water,  and  where  it  is  constantly  under  the 
action  of  the  waves,  and  partly  decayed,  it  is  reddish,  like  the  pebbles, 
but  the  pebbles  mostly  come  from  another  bluff. 

519.  Agates,  taken  from  the  rock  at  Gooseberry  river.  At  Goose- 
berry river  is  a  high  beach  (25  ft.)  of  red  gravel,  extending  from  rock 
to  rock  (from  517  to  518),  facing  east,  thrown  up  by  the  counter 
action  of  the  current  of  the  river  against  the  easterly  storms  on  the 
lake,  which  not  only  sweep  the  pebbles  along  the  beach  toward  the 
west,  but  prevail  with  great  violence  in  the  spring  and  fall  months. 
It  is  300  paces  long.  In  the  red  gravel  of  the  beach  are  numerous 
chalcedonic  agates,  derived  from  the  rock  of  the  place.  The  bluff  at 
the  north  end  of  the  beach  is  about  75  feet  high,  and  at  the  south  end 
it  is  about  10  feet.  In  each  case  the  rock  slopes  E.  S.  E.  down  to  the 
lake,  and  below  the  water.  They  were  once  probably  connected, 
forming  a  continuous  sloping  surface  of  trap-rock.  The  lower  part 
of  the  bluff  at  the  north  end  is  bedded,  and  more  jointed,  but  is  fine, 
grained  and  firm.  It  is  probably  igneous,  and  seems  to  contain  con- 
siderable chrysolite.  The  upper  part  contains  chalcedonic  amygdules, 
and  is  trappean.  It  decomposes  in  globuliferous  parts,  and  is  spotted 
by  them  before  decay,  the  general  color  being  a  dark  or  bluish  green. 
The  whole  bluff  is  trap  and  75  feet  thick.  The  beach  is  red  with  a 
few  blue  pebbles.  The  red  gravel  is  finely  amygdaloidal,  and  cannot 
come  from  the  trap.  The  globuliferous  decay  is  not  noticeable  in 
rock  at  the  east  of  the  bluff,  near  the  water,  perhaps  because  the 
erosion  wears  it  away  too  fast. 

The  lower  part  of  the  high  bluff  at  Gooseberry  river,  a  short  dis- 
tance east  of  the  river,  is  amygdaloidal  with  launiontite,  and  crum- 
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bles  out  faster  than  the  overl3'ing  tnip,  causing  the  fall  of  large  lilmks 
from  the  top  of  the  bluff. 

The  beds  517  and  518  occupy  the  coast  exclusively  (except  one  or 
two  amygdaloidal  beds,)  with  short  intervals  of  red  i)ebbh'  beach,  to 
about  one  mile  from  Splitrock  river,  when  a  bluff  rises  from  the  water 
in  a  bay  (No  110)  and  continues  eastwardly.  This  bluff  is  the  source 
of  the  red  pebbles  at  Gooseberry  beach.  It  is  finely  porphyritic  with 
red  feldspar,  and  seems  also  to  have  fine  grains  of  calcite  and  quartz, 
as  well  as  a  few  green  amygdules.  These,  weathering  out,  produce  a 
pitted  water-worn  exterior.  The  rock  does  not  crumble,  but  goes  to 
pieces  in  a  multitude  of  small  fragments  which  strew  the  beach  and 
make  the  gravel.  It  greatly  resembles  the  rock  at  Crystal  bay  (Xo. 
78)  and  also  the  Palisade  rock  (Nos.  138  and  139),  but  is  less  firm  than 
the  latter.  Its  disintegration  in  anguLirbits  in  the  bluff,  by  frequent 
divisional  planes  (not  properly  a  jointage)  is  exactly  like  the  Crystal 
Bay  rock,  but  here  it  contains  no  large  geodes  of  calcite,  as  there. 
It  has  the  apj^earance  somewhat  of  underlying  the  trap  of  (TOose})erry 
river,  but  it  actually  overlies  it. 

520.     Sample  of  the  above  rock,  one  mile  west  of  Splitrock  river. 

520.  A. — Sample  of  ca^cite-laumontite,  fnmi  a  vein  in  No.  520. 
The  westerly  end  of  this  bluff  seems  to  show  that  it  rises  from 

under  the  rocks  517  and  518  with  a  strong  dip  toward  the  W.  S.  W. 
perhaps  40  degrees,  but  this  westerly  dip  is  not  due  to  sedimentation 
tilted  in  that  direction,  but  to  a  transverse  jointage.  It  is  so  intimate- 
ly jointed  and  angular  that  the  original  bedding,  by  which  a  deviation 
of  dip  is  to  be  ascertained,  is  nearly  obliterated. 

521.  Is  an  irregular  thrust-up  rock,  appearing  in  the  beach  near 
the  west  end  of  520.  Its  bedding  is  distorted.  It  almost  ap])ears  con- 
glomeritic,  but  the  lumps  and  nodules  that  appear  in  it  are  due  rather 
to  crystalline  aggregations,  imperfectly  formed.  Some  of  its  firm 
parts  appear  like  the  metamorphosed  greenish  quartzyte  seen  under  the 
conglomerate  near  bridge  No.  5  above  Fond  du  Lac  (V.  after  No.  510, 
in  the  Sect  ion  of  the  Red  Sandrock  at  Foni  du  Imc  (Sub. -No.  48).  But 
in  the  midst  of  this  green  are  thin  red  (vitreous?)  laminations  that 
resemble  in  form,  but  not  in  color,  the  translucent  streamed(  ?)  inter- 
laminations  seen  in  No.  140.  It  is  essentially  a  part  of  No.  520,  but 
modified  by  some  closely  contiguous  igneous  agent.     (V.  816). 

Toward  the  east  the  bluff  (520)  shows  horizontal  bedding  one,  two 
and  three  inches  thick,  and  the  red  rock  passes  inland  among  cedars, 
balsams  and  pines.  At  nearly  the  same  point  a  lower  trap-r(x;k 
appears  in  the  beach,  being  the  same  as  that  forming  the  little  island 
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opposite  the  bluff,  520,  since  it  can  be  traced  connectedly  from  the  lit- 
tle island — by  the  shallow  water — directly  to  the  the  foot  of  the  red  bluflF. 
This  lower  trap  holds  a  gray  amygdaloid  about  8  feet  thick,  and  its 
lower  beds  run  in  the  gravel  beach,  nearly  to  the  Splitrock  river,  the 
chief  exposure  being  just  at  the  point,  and  15  feet  high  (V.  Nos.  Ill  A 
&  111  B).  The  red  pebbles  at  once  disappear,  except  that  a  few,  mixed 
with  the  gray,  are  seen  even  at  the  mouth  of  the  Splitrock,  brought 
down  the  river  and  distributed  westwardly.  Where  this  lower  trap 
appears  in  the  little  island  it  is  agatiferous,  at  least  has  concretionarj- 
masses  of  quartz  a  foot  or  more  in  diameter,  as  well  as  other  dark 
masses,  384  ft.  in  diameter.  The  geodic  quartz  cavities  have  few  ame* 
thystine  crystals.  In  this  respect  this  trap  bed  seems  to  resemble  the  trap 
at  the  top  of  the  bluffs  at  Gooseberry,  instead  of  being  another  layer. 
In  some  places  this  is  finely  amygdaloidal,  on  the  island,  but  generally 
heavy,  compact,  angular,  and  dark  colored.  These  parts  are  irregu- 
larly mixed,  and  sometimes  surround  each  other,  as  if  in  concretions, 
or  as  if  one  had  been  mixed  in  the  other  as  a  matrix. 

Splitrock  Point  exhibits  a  novel  and  interesting  geology.  While 
the  large  feldspar  mass  seems  to  be  in  place,  and  to  have  furnished 
the  smaller  pieces  embraced  in  basaltic  trap  toward  the  S.  E.  and  E. 
it  is  highly  probable  that  it  is  itself  a  transported  mass.  The 
oblique  basaltiform  structure  of  the  trap  shows  it  was  molten  and  the 
feldspar  was  not.  The  feldspar  is  not  basaltic,  only  coarsely  jointed. 
This  feldspar  rock  has  a  close  resemblance  to  the  Rice  •  Point 
granite.  It  seems  also  to  be  older  than  the  sandstone  and  conglomer- 
ate beds  along  here,  and  not  to  pass  into  the  trap  layers  that  are  so 
conspicuous  along  the  shore.  There  is  a  constant  dip  toward  the  S.  W» 
in  passing  along  here,  and  finally  the  feldspar  rock  seems  to  come  to 
view  as  if  lower  than  all.  There  is  trap  near  the  water,  at  the 
base  on  the  east  side.  This  continues,  and  shows  oblique  basaltic 
structure  which  slopes  N.  E.  and  a  bedding  that  dips  S.  W.  (V.  112 
and  113.) 

Immediately  across  a  little  bay  east  of  Splitrock  Point,  and  on  the 
north  side  of  the  bay,  at  the  foot  of  a  high  bluff  (175  ft.)  of  Feldspar 
rock  which  stands  a  little  inland,  is  an  exposure  of  a  dark-red,  frequent- 
ly jointed,  rock.  It  is  somewhat  amygdaloidal,  and  especially  near 
the  top  of  the  bluff,  and  seems  to  be  a  slightly  altered  condition  of 
No.  520.  It  shows  only  a  short  distance  (6  rods)  and  dips  N.  N.  E. 
about  30°.  It  is  darker  red  than  No.  520  on  fresh  fracture,  but  the 
joints  that  give  color  to  the  bluff  are  lined  with  lighter  red.  It  is 
probably  also  one  of  th§  shale  beds  of  the  formation,  if  not  the  lowest. 
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It  is  cut  square  off,  and  is  immediately  replaced  b}-  the  obliquely  bas- 
altic trap  (No.  524)  which  embraces  masses  of  feldspar  rock.  Here  the 
trap  rises  50-75  feet  above  the  talus  of  fallen  pieces  as  the  bluff 
extends  east. 

522.  From  the  foregoing  reddish-brown  rock  near  its  point  of  con- 
tact with  the  basaltic  trap,  near  the  top  of  the  bluff,  in  the  ba}'  first 
north  of  Splitrock  point.  It  here  becomes  darker,  denser  and  firmer, 
and  also  amygdaloidal,  bringing  it  to  the  characters  of  the  rock  that 
forms  Two  Harbors,  the  next  point  east.  This  seems  to  be  another 
condition  of  520,  or  beds  like  No.  520.  In  thin-sections  it  seems  to  be 
identical  with  the  Two  Harbor  rock. 

523.  From  the  base  of  the  same  bluff.  Similar  rock,  but  more  red. 
The  Two  Harbor  rock  is  No.  117. 

Just  beyond  Two  Harbor  Bay,  (east)  the  relative  superposition  of 
Nos.  522  and  523,  and  their  relation  to  the  Two  Harbor  rock  as  well 
as  to  the  Feldspar  rock,  can  be  seen.  A  feldspar  bluff  rises  i)eri)en- 
dicularly  from  the  water  about  125  feet.  On  the  west  of  this  bluff 
and  in  immediate  contact  with  it,  rises  a  basaltic  trap  bluff  which  is 
composed  of  the  rocks. 

524.  Is  a  basaltic  dark  trap,  75  feet  thick — underlain  by  522,  523  and 
the  Two  Harbor  rock,  in  the  order  named — the  Two  Harbor  rock  rising 
but  little  above  the  water.     (V.  No.  112). 

Numbers  522  and  523  here  show  a  sedimentary  structure  very 
evident,  but  it  is  in  patches,  and  alternates  irregularly  with  patches  of 
laumontitic  amygdaloid. 

525.  Sometimes  a  sandy  sedimentary  rock  is  in  immediate  contact 
with  and  surrounds  patches  of  the  amygdaloid.  In  the  sandrock, 
which  is  of  a  light  color,  blotched  with  red,  are  impressions  of  fucoids. 
(V.  No.  817). 

On  the  east  of  this  high  Feldspar  point  there  is  a  huge  pudding 
stone  of  trap  and  feldspar  for  a  short  distance,  and  then  under  it  a 
short  exposure  of  No.  520  just  as  the  bay  begins.  This  last  rises 
and  runs  inland,  and  the  Two  Harbor  rock  makes  the  immediate  shore 
through  the  bay  to  the  third  high  point,  which  is  composed  of  a  sud- 
den upheaval  of  both  the  520  and  the  Two  Harbor  rocks,  the  latter 
being  basaltic  and  making  the  high  point.     (V.  119). 

526.  The  knob  of  rock  at  the  west  side  of  Beaver  Bay  is  of  a  crjs- 
talline  red  rock,  feldspathic  and  firm.  The  green  trap  embracing  the 
•feldspar  masses  abuts  suddenly  upon  it,  from  the  west,  and  so  ceases. 
This  probably  is  the  same  rock  as  119,  and  520. 

527.  Sample  showing  the  union  and  weldftig  of  the  feldspar  mas 
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at  Beaver  Bay  with  coarse  trap  inclosing  it.     It  is  not  thus  welded 
generally,  so  far  as  visible,  but  is  loosened  fron  the  trap. 

528.     Slaty,  gray  quartzyte,  at  the  mouth   of  Beaver  Bay  creek. 

These  samples  are  from  the  rock  at  the  very  mouth  of  the  creek.     It 

'  also  runs  back  from  the  creek  toward  the  west.   Its  abrupt  and  isolated 

outcrops  will  not  permit  any  satisfactory  identification  of  its  horizon 

or  its  place  in  the  shore  series.     (V.  127  and  after  816). 

629.  (No.  1  to  No.  6).  Series  of  changes  from  trap  rock  to  soil, 
Beaver  Bay : 

(1).  Unchanged  traprock,  heavy  and  coarsely  crystalline. 

(2).  Iron-shot  and  jointed  trap-rock., 

(3).  Showing  incipient  decay. 

(4).  Crumbled  trap-rock. 

(5).  Gravelly,  earthy  soil. 

(6).  Loam,  soil  and  turf. 
These  are  produced  by  the  rotting  of  the  trap-rock  of  the  counti-y, 
on  the  promontory  where  no  other  ingredient  contributes  to  the  soil^ 
530.  Finer,  dark  trap,  of  the  same  general  character  as  that  which 
covers  the  country,  but  finer  grained,  magnetited,  and  perpendicularly 
basaltic,  having  a  coarser  grain  in  a  dyke-like  belt  (2i  feet  wide)  run- 
ning E.  and  W.  This  rock  contains  patches  of  red  rock  like  No.  526 
and  within  two  rods,  after  a  short  interval  not  exposed,  the  rock  No. 
526  is  seepL  in  full  force  forming  a  bush-covered  bank.  The  patches 
are  as  fragments  or  boulders,  generally,  but  some  patches  do  not  ap- 
pear like  transported  masses,  but  like  dykes  and  veins.  This  is  from 
the  bay  one-half  mile  west  of  the  knob  which  is  represented  by  526. 

631.  Sample  of  the  above  narrow  dyke-like  belt,  which  is  similar 
to  No.  529,  but  seems  to  contain  free  quartz.  The  general  dip  of  the 
rock  528  is  to  the  east,  as  seen  in  passing  inland,  and  along  the  road 
to  town,  so  as  to  throw  it,  if  continued,  under  the  rock  of  the  promon  - 
tory. 

532.  Reddish,  and  sometimes  greenish,  trap-like  rock,  surrounding, 
or  embracing  pieces  of  the  feldspar  at  Beaver  Bay.  This  rock  is 
similar  to  rock  No.  526,  at  least  in  some  of  its  parts.'  The  feldspar 
masses  have  the  apx>earance  of  having  been  carried  in  this  rock,  or  to 
have  been  in  situ  when  it  was  deposited  as  a  sedimentary  rock,  and 
subsequently  to  have  suflered  the  metamorphosing  forces  with  it.  (V. 
No.  816.) 

533.  Rock  of  the  great  palisades.     (V.  139.) 

At  the  point  that  encloses  the  beach  of  gravel  at  Little  Marais,  a 
red  pebbly  conglomerate  is  seen  running  under  the  basaltic  trap  (No. 
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160)  that  makes  the  point,  but  separated  from  it  bj'  about  two  feet  of 
amygdaloid  that  bears  white  thomsonites.  This  conglomerate  must  be 
that  seen  a  short  distance  below  Baptism  river  (155).  The  Sawthuth 
Hills,  a  spur  of  which  runs  out  at  Baptism  Pt.,  run  here  still  further 
back  from  shore,  so  as  to  bring  the  lower  beds  of  any  rock  involved  *• 
in  them,  at  the  shore  along  Little  Marais.  This  conglomerate  is  also 
probably  the  real  rock  underlying  the  long  stony  beach  extending  for 
a  mile  or  more  above  the  point  that  is  on  the  west  of  Little  Marais. 

East  of  Little  Marais,  for  a  couple  of  miles,  the  coast  is  formed  by 
the  Little  Marais  trap,  sloping  rather  steeply  into  the  water.  The 
underlying  amygdaloid  is  exposed  also.  The  conglomerate  is  some- 
times converted  into  an  amygdaloid,  and  its  true  original  character  is 
hardly  discernable.  There  are,  however,  red  blotches  that  indicate 
the  original  pebbly  character  of  the  whole. 

These  three  parts : — 

1.  Basltic  trap-rock. 

2.  Reddish  amygdaloid. 

.  3.  Reddish  conglomerate, 
make  a  jagged  coast,  with  sharp  points  and  little  bays,  almost  continu- 
ously rocky,  to  about  a  mile  and  a  half  or  two  .miles  east  of  Manitou 
river.  They  sometimes  rise  40  feet  perpendicularly  from  the  water. 
There  is  a  little  harbor  from  S.  W.  winds  about  one  mile  east  of  Man- 
itou river.  There  seems  to  have  been  one  grand  igneous  overflow  here, 
just  after  the  conglomerate,  which  is  about  70  feet  thick.  The  con- 
glomerate itself  is  amygdaloidal,  and  the  whole  is  red.  The  pebbles 
also  are  amygdaloidal,  and  generally  less  than  an  inch  in  diameter,  but 
some  are  8  or  9  inches  across.  The  amygdules  are  calcite,  laumontite, 
and  white  thomsonite.  Sometimes  beds  of  conglomerate  and  amygdal- 
oid not  conglomeratic  alternate  two  or  three  times,  and  sometimes 
they  blend  or  cross  each  other,  showing  no  widespread  variation  in  the 
nature  of  the  conditions  under  which  the  whole  was  deposited,  but 
rather  indicating  that  at  other  points  the  whole  would  be  found  to 
be  a  conglomerate. 

534.  Samples  of  red  amygdaloidal  conglomerate  from  1  mile  east 
of  Manitou  river.  The  same  is  seen  at  the  mouth  of  Manitou  river. 
At  this  point  the  strike  of  the  trap  passes  some  distance  inland,  form- 
ing a  spur  of  hills  that  rise  several  hundred  feet  back  of  Pork  Bay, 
with  low  tillable  land  along  the  shore. 

536.    (V.  No.  193). 

Thomsonite  amygdaloid,  from  Terrace   point,  near  Good   Harbor 
Bay. 
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535.  A. — Thomsonites,  picked  from  the  rock  at  Terrace  Point. 

535.  B. — Thomsonites,  &c.,  gathered  from  the  beach  at  Terrace  Pt. 
These  pink  thomsonites  seem  to  have  some  of  the  characters   of 

edingtonites,  as  in  a  weak  H.  CI.   solution  they  give   a   precipitate 
with  sulphuric  acid,  which  must  be  sulphate  of  baryta. 

536.  Samples  of  the  basalt  rock,  at  Grand  Marais,  many  of  the 
small  pieces  being  sections  of  the  spaller  basaltic  columns. 

537.  Bedded  trap,  from  the  west  side  of  the  point  on  S.  W.  i  Sec. 
10,  T.  61,  2,  E.     Similar  to  the  trap  at  Grand  Marais.     (V.  211.) 

"538.  Red  rock,  similar  to  the  rock  of  the  Great  Palisades.  This  is 
the  first  rock  east  of  Cow\s  Tongue  Pt.  in  the  bay.     (V.  212.) 

The  rock  of  Fish  Hook  Point  (No.  213)  lies  as  an  ovTerflow,  and  is 
visible  under  the  water  toward  the  west  for  some  distance,  cut  also 
by  dykes,  some  of  which  appear  on  the  shore. 

539.  Brown  trap,  with  chlorite  amygdules;  similar  to,  if  not  the 
same  as  the  Fish  Hook  Pt.  rock,  from  a  short  distance  west  of  the 
mouth  of  the  Brul6  river,  near  the  river.  (V.  220.)  There  is  no  rock 
at  the  mouth  of  the  Brul6,  but  a  remarkable  high  beach,  which  shuts 
in  a  lagoon  on  the  landward  side.  The  pebbles  composing  it  are  of 
mixed  character,  some  are  red,  from  the  red  rock  of  the  country  (538), 
and  some  are  blue  or  green,  from  the  fine  basalt  or  dykes,  with  amyg- 
daloid and  porphyry  pebbles. 

540.  Coarse  doleritic  trap;  a  mile  and  a  half  east  of  the  Brul6  riyer. 
This  rock  sets  in  immediately  east  of  the  Brul6  (No.  221),  and  forms 
the  coast  nearlj*  continuously.  At  the  point  where  this  sample  is  got 
there  is  a  little  eastward  facing  bay,  and  a  gravelly  beach,  but  the 
same  kind  of  rock  is  found  on  the  east  of  the  bay.  This  rock  is  light 
gray  under  the  friction  of  the  beach-gravel,  but  is  black  with  rough 
lichens  when  washed  only  by  the  water.  This  rock  seems  to  lie  under 
the  red  rock  which  disappeared  under  the  lake  on  the  west  of  the 
Brul6.  It  continues  to  Horseshoe  bay,  on  the  w^est  side  of  which  is  a 
basaltic  bluff  like  that  on  the  west  side  of  Sickle  bay.  In  the  interval 
between  these  two  bays  the  rock  is  occasionalh'  interrupted  by  short 
re-entrant  bends  in  the  coast,  where  stony  beaches  largely  made  of 
the  trap  of  the  country  are  found,  but  the  most  of  the  distance  is 
rocky  and  generally  less  than  ten  feet  in  height.  The  bluff  on  the 
west  side  of  Hoi-seshoe  bay  is  60  or  more  feet  high  (V.  No.  228). 

There  is  a  high  range  of  hills  that  run  across  the  head  of  Double 
bay,  rising  apparently  from  the  coast  in  spurs,  one  from  the  west  side 
of  Sickle  bay,  and  one  from  the  west  side  of  Horseshoe  bay.  This 
range  is  short,  as  it  can  be  seen  for  only  three  or  four  miles.     The  top 
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is  of  the  rock  No.  540,  which  probably  lies  under  the  red  rock  and 
over  the  Grand  Portage  slates  and  quartzyte.  It  seems  to  be  the  same 
as  the  basaltic  rock  that  caps  the  hills  of  slate  and  quartzyte  along  the 
international  boundary.  The  beach  at  Canuonball  bay  is  of  rounded 
stones  of  all  sorts,  but  a  little  sandy  patch  is  covered  with  iron  sand, 
derived  from  No.  540  inland.  The  rock  540  is  seen  to  run  below  the 
E.  Palisades,  or  the  **red  rock,"  so-called,  judging  by  the  general 
topography  and  the  prevailing  treild  of  all  the  beds.  As  the  trend  of 
540  passes  inland,  a  range  of  hills  rises  several  hundred  feet,  extending 
N.  E.,  the  "red  rock"  occupying  the  low  land  between  them  and  the 
lake,  cut  by  heavy  dykes  of  basaltic  green  trap.  The  Eastern  Palis- 
ades, have  a  short  exposure  just  west  of  the  mouth  of  Red  Itock  creek, 
rising  gradually  up  from  the  water  to  about  25  feet,  and  then  breaking 
off  square  and  suddenly  on  the  land  side.  They  extend  perhaps  150  feet 
along  the  coast  in  this  manner,  but  are  wider  in  a  low  exposure  half 
covered  with  beach  pebbles  toward  the  west,  at  least  50  feet.  The  dip 
here  is  toward  the  southeast,  but  at  lied  Pcrint,  about  a  mile  and  a  half 
further  east,  it  dips  S.  W.,  at  an  angle  of  25°  or  30°,  showing  the 
underlying  trap  again  on  the  east  side.  Between  the  Palisade  rock 
and  rock  540  seems  to  be  a  firmer  trap  rock,  or  rock  resembling  the 
Two  Harbor  rock,  which  appears  in  the  bay  east  of  Red  Point,  where 
it  is  cut  by  dykes. 

The  high  range  of  hills  that  culminate  in  Mt.  Josephine  are  made  up 
largely  of  the  rock  No.  540. 

At  Grand  Portage  Island  is  a  section  of  the  rocks  just  lower  than 
the  **red  rock,"  which  here  seem  to  have  been  preserved  and  thickened, 
as  well  as  hardened,  by  local  inflows  of  trap.  The  island  itself  is  elon- 
gated east  and  west,  but  not  much.  It  is  rudely  elliptical  in  horizontal 
form.  Its  highest  parts  are  at  the  eastern  end,  where  the  blufts,  that 
face  north  are  about  100  feet  high.  There  is  a  gravel  spit  that  is 
formed  by  the  joint  and  opposite  action  of  waves  from  the  east  and 
west  as  they  whip  round  the  sides  of  the  island,  jutting  northwest 
from  near  the  middle  of  the  north  shore,  and  from  it  a  shoal  ex- 
tends still  further  in  the  same  direction.  The  beach  shows  foreign 
drift-boulders,  as  well  as  many  varieties  of  rock  from  the  island  itself, 
among  the  former  being  various  porphyries  and  granites.  The  only 
piece  of  **Winnepeg  limestone"  found  on  the  "north  shore"  was  found 
on  the  northwest  side  of  this  island,  though  a  fossiliferous  piece  of 
chert  was  picked  up  at  Good  Harbor  Bay.  There  are  also  pieces  of 
dark,  homblendic  rock,  and  of  micaceous  schist  that  do  not  occur  in 
the  rocks  forming  the  island,    as  well  as   a  good  many  fragments 
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of  the  "red  rock."  These  last  are  so  angular,  and  also  so  frail,  that 
they  seem  not  to  have  been  far  transported.  Thev  are  perhaps  from 
below  the  watet  of  the  lake  south  of  the  island,  and  are  thrown  up 
and  brought  ashore  by  ice  and  wayes.  Some  of  the  "red  rock"  is 
rather  sandy,  and  spotted  with  light  brown  spots,  like  the  shale  and 
sandrock  of  the  St.  Louis  river,  the  spots  being  pink  in  the  dark  red. 
Some  of  the  fragments  are  confused  in  structure  as  if  crumpled,  and 
are  amygdaloidal;  and  some  are  harder  and  porphyritic,  resembling 
the  typical  Palisade  rock.  The  main  beds  of  the  island  dip  to  the  S. 
S.  E.  at  a  varying  angle,  and  have  an  exposed  aggregate  thickness  of 
134  feet,  viz : 

541.  At  the  N.  E.  corner  of  the  island  a  dyke  10  feet  wide  .cuts 
the  quartzyte  and  conglomerate,  running  E.  10®  N.  by  needle,  without 
displacement  of  the  bedding.  It  is  a  very  fine-grained  black,  or  blue- 
black  rock. 

542.  A  layer  of  trap  like  No.  540,  which  on  the  east  shore  is 
basaltic,  rising  about  12  feet.  This  is  stratigraphically  the  highest 
rock  in  the  island 14  ft. 

543.  A  chalcedonic  amygdaloid,  though  the  chalcedony 

and  calcite  amygdules  appear  specially  at  the  south 

east  end  of  the  island,  may  be 20  ft. 

644.  A  curious,  dark,  heavy,  globuliferous  trap-rock,  dis- 
integrating readily,  the  hard  globules,  which  are 
of  stony  structure  (not  minerals)  and  nearly 
black,  rolling  out  like  shot,  or  bullets,  and  cover- 
ing the  ground  after  the  rest  of  the  rock  has  rotted 
to  a  greenish  soil.  The  rock  itself  is  chloritic  and 
dark  green.  This  is  in  a  belt  crossing  the  island 
east  and  west,  appearing  some  like  a  dyke,  but  is 
in  reality  probably  an  overflow  like  the  next  un- 
derlying. Indeed  it  seems  to  pass  into  the  next, 
in  some  places,  showing  it  is  only  a  local  phase  of 
a  larger  bed.  It  is  the  last  to  run  under  the  wa- 
ter at  the  west  end  of  the  island,  and  at  the  east 
end  it  is  the  topmost  rock  in  the  bluff.  Its  thick- 
ness may  be 20  ft. 

545.  A  bed  of  fibrous  green  trap,  passing  through  the 
center  of  the  island  and  forming  its  highest  parts, 
and  also  producing  a  long  sloping  beach  on  the  S. 
E.  side  running  under  the  chalcedonic  amygdal- 
oid.    In  the  center  of  the  island  it  appears  like 
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a  burnt  scoria  or  slag,  due  perhaps  to  the  effect  of 
Nos.  543  aud  542,  though  these  have  been  re- 
moved in  the  central  part  of  the  island  appearing 
now  only  along  the  south  and  southwest  shores  .  35  ft. 
546.  Sandrock,  even-grained,  rather  fine,  light  colored, 
but  of  a  pinkish  and  purplish  cast,  firm  and  com- 
pact in  regular  beds  of  10  to  18  inches  thick 8  ft. 

647.  Another  bed  of  trap,  like  the  dyke*  No.  541.     This  is 

sometimes  brecciated,  or  finely  and  irregularly 
jointed,  with  white  nodules  of  saccharoidal  cal- 

cite 36  ft. 

647A. — Nodules  of  saccharoidal  calcite  from  547. 

648.  Quartzyte,  sometimes  with  mica  specks  between  the 

beds,  of  a  dark  color,  generally  striped  with  red 
and  brown,  some  of  the  beds  being  brown-red, 
with  thin  laminations,  and  some  show  ripple- 
marks 5  ft. 

649.  A  breccia,  or  conglomerate-breccia,  the  cementing 

rock  being  a  quartzyte  like  No.  548,  or  arenaceous 

like  a  grit 16  ft. 

550.  Near  the  dyke  (No.  541)  is  another  which  cuts  the 

beds,  running  E.  10°  N.  This  is  a  little  south  of 
No.  541,  and  is  34  feet  wide  sloping  a  little  to  the 
north. 

551.  Another  dyke  crosses  the  S.  E.  corner  of  the  island 

in  direction  N.  N.  E.  by  E.  and  is  of  a  coarse 
doleryte.  It  is  probably  due  to  these  dykes  that 
the  island  exists,  as  by  their  intersection  their  ef- 
fect has  been  to  harden  the  beds,  and  to  present 
toward  the  east  the  apex  of  a  triangle  to  ward 
off  the  waves  of  the  severest  storms. 

There  must  be,  besides  the  foregoing,  also  the  following 
nearly  associated  with  them — although  they  do  not 
appear  any  where  in  the  bluff  soft  he  island — since 
they  are  seen  in  fragments  on  the  beach. 

(a).  A  true  pebbly  conglomerate,  or  coarse  grit,  nearly 
white  or  of  a  light  color. 

(b).  A  true  conglomerate  like  (a),  but  containing  pebbles, 
at  least  crystals,  of  red  feldspar. 

fc).  A  conglomerate  with  few  pebbles,  but  a  green  alum- 
inous, or  chloritic  cementing  material. 
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The  true  place  of  these  cannot  be  ascertained,  but  (a)  is 
probablj'  near  the  bottom  of  No.  546,  as  well  as 
^b),  and  (c)  resembles  the  shale  and  sandrock  cut 
by  dykes  in  the  bay  east  of  Red  Point,  (Nos.  232 
and  235),  which  must  be  just  under  the  "red 
rock,"  and  so  probably  belongs  near  the  top  of,  if 
not  wholly  over,  the  foregoing  section.  Indeed  it 
must  come,  in  that  case,  from  the  lake,  below  the 
water. 

Al  generalized  section  of  the  alternating  beds  of  the  form- 
ation as  they  occur  along  here  would  be  as  follows 
in  descending  order : 

1.  The  Palisade  rock,  or  the  **red  rock.' 

2.  Green  shales,  &c.,  in  the  bay  east  of  Red  Point,  (Nos. 

232,  235,  238  and  239). 

3.  Layer  of  trap  like  540  (No.  542) 14  ft. 

4.  Chalcedonic  amygdaloid  (No.  543) 20  ft . 

5.  Fibrous,  green  trap  striking  E.  and  W.  through  the 

island  and  forming  its  highest  parts.  In  spots  it 
is  globuliferous  with  hard,  dark,  strong,  shot-like 
pellets  about  i  in.  in  diameter,  (Nos.  544  and 
545), 35  ft. 

6.  Even  grained  sandrock  (546). . - 8  ft. 

7.  Trap  bed,  finely  and  irregularly  jointed,  with  nodules 

of  white  saccharoidal  calcite  (No.  547) 36  ft. 

8.  Quartzyte  (No.  548) 5  ft. 

9.  Conglomerate  (No.  549) , 16  ft. 

10.  The  rock  No.  540,  forming  the  great  trap  covering  of 

the  quartzyte  hills  at  Grand  Portage,  50  ft 250  ft. 

11.  The  slate  and  quartzyte  terraces  seen  in  the  hills  at 

Grand  Portage,  generally  and  along  the  interna- 
tional boundarj'  as  far  west  as  the  west  end  of 
Gunflint  lake(e8timated) 400  ft. 

12.  The  jasper  and  iron  ore  beds  of  the  Misabi,  and  south- ' 

east  of  Vermilion  lake. 

13.  The  micaceous  and  chloritic  schists  and  slates  of  Ver- 
•  milion  lake  and  the  Dalles  of  the  St.  Louis  river. 

14.  The  mica  schists,  granites  and  syenites  of  the  region 

north  of  Gunflint  lake,  (V.  after  No.  763). 
This  takes  no  account  of  the  great  labradorite  range,  which  in  some 
places  forms  the  Mesabi,  nor  of  the  iron  ore  deposits  of  May  hew  Lake, 
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because  they  are  apparently  included  in  the  rock  Nos.  258  and  540,  or 
in  an  immense  outflow  of  molten  matter  at  a  date  somewhat  earlier. 
(V.  Nos.  695  and  816.)  Nor  does  it  mention  the  conglomerate  of  Og- 
ishkie  Muncie  lake,  because  that  is  apparently  an  incident  of  the  slaty 
and  talcose  beds  included  in  Sub.  No.  13,  nor  the  red  granites  of  the 
region  of  Brul6  Mt.  because  they  are  probably  a  modified  condition  of 
the  Palisade  rock. 

Nine  dykes  are  seen  crossing  Hat  Point  on  the  west  side  of  Waus- 
waugoning  bay,  cutting  the  slates  and  quartzytes  near  the  water, 
running  a  little  northeasterly  varying  from  3  feet  to  70  feet  wide.  A 
heavy  dyke  of  basalt  runs  along  the  head  of  the  bay  terminating  the 
bay  in  that  direction.  It  cuts  the  slates,  hardening  and  solidifying 
them  so  that  their  walls.  Broken  and  oblique,  sometimes  stand  alone, 
appearing  like  other  dykes.  It  runs  on  into  the  **Cypress  Swamp,"  of 
Norwood,  and  appears  to  be  the  same  that  forms  little  islands  in  the 
south  arm  of  Pigeon  Bay. 

552.  Plumbaginous  quartzyte.  Pigeon  Pt.,  near  the  trail  to  Parker- 
ville.     Sec.  32,  T.  64,  7.     (V.  No.  270.) 

553.  Quartzyte,  near  the  portage  trail,  at  the  north  shore. 

The  Grand  Portage  range  of  hills  laps  over  another  as  it  approaches 
Parkerville,  and  also  gradually  dies  out,  the  Pigeon  river  coming 
through  the  low  spot  in  the  valley  between  them.  The  other  range 
runs  along  the  north  side  of  Pigeon  Bay,  in  Canada,  turning  a  lit- 
tle northwest  as  it  approaches  Parkerville. 

554.  The  **Two  Harbor  Rock,'*  (  ?)  from  the  east  end  of  the  island 
most  easterly,  separating  Washington  Harbor  from  Grace  Harbor,  on 
Isle  Royale.  This  is  more  coarsely  jointed  than  the  Rock  at  Two  Har- 
bor, and  has  somewhat  the  appearance  of  an  imperfectly  basaltic  dyke, 
but  as  it  develops  a  few  rods  further  north  it  appears  as  an  overflow, 
t  least  it  lies  on  other  trap  and  amygdaloid.  It  forms  a  little  boat- 
harbor  where  fishing  shanties  are  erected.  It  is  at  least  a  fine-grained 
brown,  trappean  rock,  and  in  this  section  seems  to  hold  no  free  quartz. 

The  south  side  of  Grace  harbor  is  of  pebbles  and  stones,  the  pebbles 
derived  from  a  red  conglomerate  that  occasionally  is  seen  in  the  beach, 
but  which  in  the  S.  W.  comer  of  Isle  Royale  is  finely  exposed.  This 
red  conglomerate  is  coarse,  some  of  the  stones  being  over  a  foot  across, 
and  dips  for  a  long  distance  gently  toward  the  south  and  southeast. 
On  approaching  the  point  in  the  coast  nearly  south  of  Siskiwit  bay* 
the  dip  increases,  and  still  more  toward  the  entrance  to  Siskiwit  bay. 
Above  the  conglomerate  appears  a  red  sand-rock,  nearly  a  red  quartz- 
yte/resembling  rock  No.  648  of  Grand  Portage  Island.    This  has  regu- 
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lar  bedding,  cut  into  cuboidal  or  rhomboidal  blocks  by  divisional 
ripple-marked  with  some  softer,  sbaly  or  haematitic  laminae,  and  with 
haematitic  lumps  of  shale  more  or  less  inclosed  in  the  mass  of  the  beds 
themselves.  Some  of  these  beds  are  about  30  inches  in  thickness,  and 
some  are  less  than  an  inch.  These  beds  are  firm  and  durable,  blacken- 
ing under  the  waves  like  a  trap,  to  which  at  a  distance  they  have  some 
resemblance.  Its  dip,  color  and  bedding  recall  the  red  quartzyte  in  S. 
W.  Minnesota,  but  it  is  rather  less  siliceous  than  that.  In  the  same 
manner,  however,  it  overlies  a  coarse  i)ebbly  conglomerate,  which  in 
the  same  way  indicates  its  relations  to  the  red  quartzyte  of  Grand 
Portage  Island  and  of  Pigeon  Pt.  peninsula  (No.  290),  as  well  as  to  the 
red  sandrock  and  shales  of  Fond  du  Lac. 

At  Grand  Portage  Island  it  appears  that  a  trap  inflow  separates  the 
red  sandstone  and  shale  formation  into  two  parts,  only  a  small  portion 
being  below  the  trap,  the  greater  portion  being  out  in  the  lake  further 
south,  while  on  Isle  Roy  ale  no  such  trap  overflow  divides  it. 

555.  Red  quartzyte  or  sandrock  from  Siskiwit  Point,  Isle  Royale  (the 
point  that  encloses  Siskiwit  Bay).  This  has  been  quarried  further 
west  in  the  bay,  on  the  south  shore,  and  advertised  in  Detroit  under 
the  title  "Isle  Royale  Brown  stone,"  by  Buchan  &  Co.,  117  Griswold 
St.  West  from  the  point,  on  the  south  shore  of  the  bay  this  rock 
stands  out  prominently,  dipping  from  10  to  20  degrees  to  the  south, 
forming  a  jagged  and  rocky  coast,  having  a  perpendicular  rise  from  the 
water  the  most  of  the  distance  to  the  first  bay  on  that  side.  Altogether 
there  must  be  three  or  four  hundred  feet  in  thickness  of  these  beds,  in- 
volved in  the  point  that  shuts  in  the  ba}^,  but  they  actually  rise  above 
the  lake  but  about  60  feet.  The  former  beds  do  not  lie  immediately  on 
the  coarse  conglomerate,  but  are  separated  from  it  by  a  shale,  which 
appears  at  the  point  forming  the  first  little  bay  west  from  Siskiwit 
Point.  This  red  nhale,  though  af)pearing  rocky,  breaks  with  a  sectile 
fracture,  into  a  great  many  small  pieces  when  str^ick  with  a  hammer. 
It  is  bedded  like  the  quartzyte,  but  is  intersected  by  numerous  gashes, 
or  gash  veins,  which  are  of  a  very  difierent  color,  being  greenish,  or 
greenish  gray,  and  about  one-fourth  to  one-half  inch  wide  and  but  a 
foot  or  two  in  length,  running  nearly  north  and  south  as  they  appear 
on  the  weathered  surface,  though  some  are  irregular  in  direction  and  fol- 
low other  cracks.  These  gashes  seem  to  have  been  caused  by  the  change 
produced  in  the  rock  by  the  gases  escaping  through  fissures  produced 
by  the  disturbance  of  the  formation,  rising  from  heated  regions  below, 
rather  than  by  the  downward  effect  of  heat  from  trap  overflows.  This 
shale  is  the  most  destructible  of  the  whole  formation,  and  probably  is 
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mainly  the  cause  of  the  low  swampy  land  that  intervenes  between  the 
head  of  Siskiwit  Bay  and  the  S.  W.  corner  of  Isle  Royale.  The  con- 
glomerate  itself  is  under  the  shale,  and  is  more  durable. 

556.  Red,  hardened  shale,  south  shore  of  Siskiwit  Bay,  as  above 
described. 

The  same  red  conglomerate  that  forms  the  S.  W.  end  of  the  island 
also  forms  the  north  coast  of  Siskiwit  bay,  and  is  the  rock  containing: 
the  copper  at  the  Island  Mine,  which  is  near  the  head  of  the  bay. 

557.  Cupriferous  conglomerate,  from  the  Island  Mine,  Isle  Royale 
near  the  head  of  Siskiwit  bay ;  this  is  also  argentiferous. 

557  A. — Variety  of  pebbles  from  the  conglomerate,  43  kinds. 

557  B. — Stamped  rock  and  copper.    Island  Mine.  . 

558.  Amygdaloidal  dark  trap,  near  the  stamping  mill  of  the  Island 
Mine,  Isle  Royale.  This  is  near  the  creek  coming  through  the  loca* 
tion, 

558  A. — Wemerite,  from  558.  This  mineral  has  the  following- 
chemical  and  blowpipe  reaction : 

Bloivpipe  Reaction  of  No.  558  A. 

Fuses  at  2  or  2.5,  with  intumescence. 

After  fusion  gives  a  quick  alkaline  reaction  when  moistened  on  turmeric  paper. 

Gives  no  sulphur  reaction  on  silver. 

Salt  of  Phosphorous  bead  shows  a  skeleton  of  silica. 

H  CI.  solution  does  not  gelatinize. 

H  CI.  solution  gives  no  precipitate  with  Ba  CI. 

H  CI.  solution  gives  slight  precipitate  with  NH4  HO. 

In  closed  tube,  B.  B.  gives  no  water  or  the  slightest  trace  only. 

Fused  and  moistened  with  H  CI.  gives  a  copper  flame. 

Some  fragments  effervesce  slightly  in  U  CI. 

H  CI.  solution  gives  no  precipitate  with  S.  O. 

Hardness  6  or  6 . 

('olor,  light,  lilac-gray,  or  a  pinkish  white,  or  white. 

Structure,  massive,  or  fibrous  and  divergent,  the  rays  becoming  separated,  acicu- 
lar,  tetragonal  crystals. 

H  CI.  solution  does  not  give  titanium  reaction  with  tin. 

Borax  bead  is  slightly  yellow  from  iron. 

H  CI.  solution  does  not  gelatinize  even  after  boiling. 

After  fusion  the  H  CI.  solution  gives  no  jelly. 

These  characters  bring  the  mineral  between  Wemerite  and  Cancrinite.  The 
occasional  effervesence  allies  it  with  Cancrinite,  but  its  color  and  the  tetragonal 
form  of  the  fine  crystals  show  it  to  be  Wernerile.  The  effervescence  is  probably 
due  to  something  attached  to  the  fragment.  This  mineral  is  in  amygdaloidal  cav- 
ities or  irregular  openings  in  the  trap,  some  of  the  masses  being  two  inches  or 
more  across. 
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55S   B. — 111    558    are  veins  of  a  green   rock   which   is  heavy   and 
amygdaloidal  vrith  what  also  appears  like  Wernerite. 

559.  Trap  that  immediately  overlies  the  cupriferous  bed  of  con- 
glomerate, at  the  Island  Mine. 

560.  Trap  that  fonns  a  bed  under  the  cupriferous  conglomerate, 
known  as  the  Greenstone  Range  where  it  rises  to  the  surface  further 
north. 

561.  Decayed  rock,  or  volcanic  ash,  so-called  by  Norwood,  from 
the  cupriferous  bed  of  the  conglomerate. 

At  the  Location  of  the  Island  Mine,  a  beach,  ai)parently  formed  by 
jamming  of  ice,  is  95  feet  above  the  water.  The  road  from  the  dock 
to  the  mine  runs  on  it  some  distance.  There  are  other  beaches  or 
ridges,  lower,  some  of  them  running  somewhat  transversely  across  the 
interveuing  space.  These  are  short,  and  more  evidently  due  to  the 
jamming  of  ice.  The  95  feet  beach  is  the  upper  limit  of  a  strictly  peb- 
bly surface;  above  that  the  surface  being  one  of  loam  and  gravelly 
clay,  or  a  stony  loam,  so  that  there  may  be  said  to  be  a  soil.  Below 
the  top  of  this  ridge,  as  well  as  wholl}-  over  it,  there  is  absolutely  no 
soil, — only  red  gravel  and  stones  derived  from  the  conglomerate,  with 
an  occasional  out-crop  of  the  conglomerate  itself. 

The  conglomerate  slopes  southward  into  the  water  of  the  bay  all 
along  the  shore,  but  between  the  shore  and  the  mine  several  trap 
and  amygdaloid  beds  appear,  having  a  bearing,  or  strike,  apparently 
in  the  direction  of  the  coast,  the  whole  of  them  being  near  the  mine. 
The  location  of  the  mine  is  from  250  to  300  feet  above  the  lake,  and 
abont  a  mile  north  from  the  bay  The  shafting  is  in  the  conglomerate 
rock  lying  between  trap  beds,  and  slopes  towards  the  south  with  the 
dip  of  the  formation. 

There  is  some  coarse  sandstone,  or  grit,  disseminated  among  the 
conglomerate,  some  beds  being  a-  foot  in  thickness,  but  fading  out  to 
the  right  and  left. 

The  mine  is  not  now  worked  (1879)  and  has  not  been  for  a  couple 
of  years.  There  is  not  a  man,  woman  or  child  here,  but  there  are 
many  houses,  stores,  shops,  and  offices,  including  a  Court  House,  this 
being  the  county  seat  of  Isle  Royale  county.  Everything  is  deserted. 
The  machinerj  is  mostly  still  here.  The  cars,  shovel,  and  various 
accoutrements  lie  simply  abandoned.  The  mills  are  perfect,  the  en- 
ginery for  stamping  and  washing  the  ore  being  still  on  the  ground  and 
in  good  condition. 

Toward  the  east  from  the  dock  of  the  Island  Mine  the  coast  is  wholly 
occupied  by  the  conglomerate,  or  by  the  overlying  slate  and  sandrock, 
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as  far  as  Wright's  Island,  but  the  beach  much  of  the  way  is  formed  of 
drift-brought  stones. 

562.  Trap,  somewhat  decayed,  from  a  niche  in  the  coast  line, 
south  of  the  east  end  of  Siskiwit  lake.  This  is  under  the  sandstone, 
but  over  the  conglomerate.  It  rises  from  the  water  with  a  dip  to  the 
south.  It  has  involved  with  it  irregular  beds  of  a  porpnyritic,  harder 
rock,  and  patches  Qf  epidotij  green  rock. 

563.  The  porphyry  is  finer  than  the  porphyry  of  the  pebbles  of  the 
conglomerate,  but  it  seems  possible  that  these  porphyritic  belts  may 
come  from  a  metamorphism  of  patches  of  that  conglomerate  holding 
such  pebbles.  The  trap  is  confusedly  bedded.  The  porphyry  is  also 
amygdaloidal,  mottled  with  green  and  red-brown,  with  white  caleite. 
At  Chippewa  harbor  beds  of  sandstone  and  shale  are  between  beds  of 
trap,  visible  on  both  sides  of  the  entrance  dipping  about  35  or  40  de- 
grees to  the  south.  On  the  east  side  but  one  bed  of  sedimentary  rock 
is  visible. .  It  has  a  thickness  of  perhaps  75  feet.  The  ^yerlying  trap 
rises  perpendicular  perhaps  45  feet.  A  little  further  west  a  trap  rises 
from  below  the  sandrock  and  shale,  and  west  of  that  another  lower 
bed  of  fine  shale  appears  in  the  coast  line,  the  last  being  about  10  feet 
thick.  On  the  west  side,  near  the  entrance,  are  visible  two  beds  of 
shale  and  sandrock,  alternating  with  trap.  The  trap  contains  frag- 
ments of  shale  and  of  angular  quartzyte  along  a  thickness  of  about  a 
foot  just  over  the  shale-bed.  The  trap  separating  these  beds  of  shale 
seems  to  be  about  120  feet  thick.  That  on  the  top  of  them,  which 
also  forms  the  coast  line  either  side  of  Chippewa  harbor,  is  also  about 
100  feet  thick,  and  over  that  is  much  more  sandstone,  forming  islands 
off  the  coast  five  or  six  miles  west  of  the  harbor.  Chippewa  Harbor 
enters  nearly  at  right  angles  to  the  strike  of  the  rock-beds,  but  after 
passing  the  narrows  it  turns  more  southerly  and  passes  along  the 
strike  behind  the  bluffs  formed  by  the  foreging  layers. 

564.  A  white  mineral  from  the  trap  at  Chippewa  Harbor,  on  the 
east  side  near  the  entrance,  appears  to  be  the  same  as  the  Wernerite 
from  the  trap  at  the  Island  Mine,  but  it  has  somewhat  the  appearance 
of  pectolite.  In  this  lot  are  also  some  green  amygdules  which  are 
closely  associated  with  the  Wernerite  in  the  rock. 

565.  Caleite,  from  a  mass  on  the  beach,  containing  a  green  radi- 
ated mineral  like  prochlorite,  also  Wernerite,  and  a  little  quartz. 

566.  From  an  amygdaloidal  bed  of  trap  that  disintegrates,  near  the 
narrows  of  Chippewa  Harbor.  These  green  amygdules  appear  some 
like  chlorastrolites,  but  they  are  probably  some   form   of  chlorite. 
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They  have  a  radiating,  fibrous  interior,  sometimes  several  centers  in 
one  mass. 

The  trap-rock  of  Chippewa  Harbor,  without  exposed  sandstone, 
continues  to  the  little  bay  next  south  of  Conglomerate  bay,  known  as 
Lucky  bay,  where  the  rock  is  of  the  same  kinds  and  probably  of  the 
saftie  horizon  as  Nos.  562  and  563. 

567.  From  Lucky  bay,  showing  a  passage  from  poqjhyritic  trap  to 
non-porphyritic.  This  porphyry  is  from  the  trap  of  the  place,  but  it 
is  in  patches,  or  lenticular  beds  that  are  generally  less  than  a  foot 
thick,  the  mass  of  the  rock  being  porphyritic;  but  sometimes  having 
a  few  amygdules  of  green  chlorite.  The  face  of  the  rock  shows  a 
spotted  surface  when  water-worn  and  partly  decayed  like  much  of  the 
trap  of  the  north  shore. 

568.  Trap-rock,  taken  from  the  Saginaw  Mine,  near  Conglomerate 
bay. 

569.  Epidotic  rock,  from  the  Saginaw  Mine,  the  same  being  the 
ore  of  the  vein  mined  for  copper. 

570.  Amygdaloid  containing  calcite,  chlorastrolite  and  chlorite, 
from  the  rock  at  the  light  house  at  the  entrance  to  Rock  Harbor.  * 

570A.     Chlorastrolites  picked  from  the  beach  at  Rock  Harbor. 

570B.  Green  '*thomsonites,"  chlorastrolites,  &c.,  from  Rock 
Harbor. 

Conglomerate  bay  has  no  conglomerate  at  the  entrance,  but  toward 
the  head  of  the  bay  it  is  found.  The  trap  is  crumpled  and  faulted  be- 
tween Lucky  and  Conglomerate  bays,  and  dip  generally  E.  S.  E. 

At  the  Siskiwit  mine  the  work  was  on  a  vein  of  epidote  and  calcite. 
In  the  islands  opposite  is  a  bed  of  conglomerate,  embraced  between 
trap  beds. 

571.  Samples  of  trap  and  gangue  rock,  from  Siskiwit  mine.  Rock 
Harbor. 

572.  Trap  rock  from  Scoville's  Pt.,  Isle  Royale. 

573.  Radiated,  white,  fibrous,  zeolitic  mineral  from  the  trap  at 
Scoville's  Point,  picked  up  on  the  beach. 

574.  Trap  rock  from  the  extremity  of  Black's  Pt.,  east  end  of  Isle 
Royale. 

575.  Thomsonites  ( ?)  and  other  zeolitic  minerals,  from  the  beach  of 
the  mainland,  north  shore  of  Isle  Royale,  about  two  miles  S.  W.  from 
Lock^s  Point. 

576.  Prehnite  and  copper  (some  attached  to  the  amygdaloid  from 
which  they  come,  from  the  little  bay  at  the  east  extremity  of  Fish 
Island  . 
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577.  Black  oxide  of  copper,  from  the  Miuong  mine,  Isle  Royale, 
attached  to  a  large  piece  of  the  i*ock. 

578.  '*Stamp  ore,"  showing  the  nature  of  the  rock  in  which  the 
copper  occurs. 

579.  Shows  an  occasional  form  of  the  rock  in  nodules,  also  included 
in  the  "Stamp  ore." 

580.  Coarse  green  amygdaloid,  the  cavities  being  filled  with  chlorite 
or  with  geodic  quartz  with  interior  rosettes  of  chlorite,  coated  with 
green — the  amygdules  making  up  more  than  half  of  the  bulk  of  the 
whole.  It  also  shows  some  calcite  and  some  laumontite.  This  adjoins 
the  copper-bearing  rock. 

581.  Native  copper,  from  the  Miuong  mine,  Isle  Royale. 

V  582.     Native  alloy,  and  intimate  mixture  of  copper  and  silver,  Min- 
ong  mine.  Isle  Royale. 

583.  Native  copper,  with  attached  crystals  of — ? 

584.  Battered  copper,  found  about  the  large  masses  worked  by  the 
ancients. 

585.  Stone  hammers  used  by  the  ancient  miners  at  the  Minong 
mine,  Isle  Royale.  These  are  generally  rounded  or  oval  pebbles  of 
fine  basalt,  evidently  transported  from  the  north  shore  of  the  lake, 
where  they  got  their  form  by  the  action  of  the  waves  on  the  beach. 
They  are  not  withed*.  They  are  found  in  the  debris  about  the  old 
pits 

586.  Wood,  found  in  the  ancient  dumping  heaps. 

At  Silver  Islet  the  shaft  in  1879  was  720  feet  below  the  level  of  the 
lake.  The  vein  runs  about  N.  and  S.  in  the  slates' and  quartzyte  of 
the  region,  and  varies^  from  almost  nothing  towards  th^  north  to  ten 
or  twelve  feet  in  its  greatest  width,  which  is  where  it  intersects  diorite 
dykes  running  N.  E.  and  S.  W.  (said  to  be  E.  and  W.)  The  dyke  is 
set  ofi^  where  the  vein  crosvses  it,  the  east  side  being  further  to  the 
south  than  the  west.  The  richest  deposits  are  near  the  intersection  of 
the  vein  and  dyke,  and  are  accompanied  with  plumbago  which  has 
seggregated  from  the  organic  matter  contained  in  the  slates.  The 
gangue-rock  is  a  breccia  of  slate,  filled  with  calc-spar  and  quartz, 
though  mainly  calc-spar.  The  silver  is  native  and  is  disseminated 
through  saccharoidal  calcite.  It  is  also  found  in  the  galena,  but  in 
general  the  galena  is  discarded.  There  are  also  blende  and  pyrite. 
This  silver  has  been  lately  found* combined  in  new  forms  with  arsenic, 
antimony,  &c.,  &c.,   creating    new    mineral    species— Huntilite    and 

•Si^t^'e  Popular  Science  Monthly  for  September,  1381,  for  nn  account  of  these  ancient  tnliier!i,  by 
the  writer. 
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Animikite.  The  vein  seems  to  have  been  enlarged  in  passing  the 
dyke  and  charged  with  these  minerals.  The  work  is  now  being  pushed 
north  and  south,  in  hope  of  striking  other  dykes.  In  the  vein  are  large 
spar-lined  cavities  in  which  gas  accumulates,  (carburetted  hydrogen) 
which  has  caused  some  trouble  from  its  slightly  explosive  character. 
Water  gathering  in  the  mine  is  strongly  charged  with  some  gas, 
probably  the  same,  but  at  the  bottom  of  the  mine  in  the  "diorite" 
rock,  no  water  accumulates,  and  it  is  necessary  to  carry  down  water 
to  serve  the  drill  which  is  driven  by  compressed  air,  the  same 
operation  ventilating  the  shaft.  The  great  deposits  of  native  silver 
have  been  in  near  connection  with  the  dyke,  and  the  large  cavities 
with  calcite  and  galenite  are  in  the  same  way  related  to  it.  The 
plumbago  is  along  the  hanging  wall,  and  is  closely  connected  with  the 
"diorite"  of  the  dyke — indeed  is  permeated  sometimes  with  igneous 
rock  matter. 

587.  Calcite  and  galenite  masses  with  crystalline  points  perfect. 
The  galenite  here  is  in  octahedrons  instead  of  cubes. 

588.  Mass  of  octahedra  of  galenite,  Silver  Islet. 

589.  Plumbago,  Silver  Islet. 

590.  "Diorite,"  from  the  bottom  of  the  mine.  Silver  Islet,  720  feet 
below  the  level  of  Lake  Superior. 

591.  Saccharoidal  spar,  which  is  the  gangue-rock. 

592.  Cemented  breccia,  from  the  vein. 

593.  Igneous  rock,  from  the  vein. 

594.  Slate,  that  incloses  the  vein. 

695.     Cores  of  the  diamond  drill,  Silver  Islet, 

596.  Stamp  ore,  with  saccharoidal,  flesh-colored  calcite.  Silver 
Islet. 

596  A.  Huntilite,  from  the  Silver  Islet  mine,  an  arsenate  of  silver, 
antimony,  cobalt,  &c.     (Wurtz.) 

The  following  general  section  was  taken  at  Silver  Islet  Landing. 
Some  of  these  beds  are  seen  only  at  a  mile  or  two  north  from  the  lake. 
It  is  given  in  descending  order. 

(1.)  Mottled,  red-and-bluff,  fissile  shale,  checked  and 
crumbling  into  small  angular  pieces;  below  con- 
glomeritic  and  lighter  colored,  siliceous  limestone 
and  chert  predominating,  ashy  and  loose 40  ft. 

(2.)     Light-red  dolomitic  sandrock,  some  parts  being  red 

sandrock,  weathering  generally  of   a  light  color  35  ft. 

(3.)     Siliceous  conglomerate,  with  rounded  pebbles 5  ft. 
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(4.)  Greenish,  weathering  dark,  fissile  sandrock,  appear- 
ing at  a  distance  like  thin-bedded  slate — really 
fine-grained  and  aluminous,  apparently  the  top  of 
the  slate  and  quartzyte  in  which  the  silver  occurs. 
The  transition  is  gradual  from  a  hard  quartzyte 
and  slate,  near  the  bottom,  to  an  arenaceous  slate, 
through  a  greenish  color  which  is  first  brownish 
and  then  reddish,  thus  getting  the  color  of  the  beds 
higher  still.     Seem 55  ft. 


Seem  total 135  ft. 

There  is,  presumably,  slate  to  the  thickness  of  about  50  or  60 
feet  more,  hid  by  tubes.  The  above  are  all  conformable,  so  far  as  can 
be  seen  here,  and  are  cut  by  "diorite"  dykes  running  to  the  top. 

597.  Fissile,  mottled  red-and-buflf  shale,  from  No.  1  of  the  forego- 
ing section. 

697  A.  Siliceous  and  cherty,  with  calcareous  nodules,  from  the  low- 
er, and  conglomeritic,  portion  of  597. 

598.  Light-red  dolomitic,  sandrock,  compact,  mixed  with  red  sand- 
rock,  from  No.  2  above. 

599.  Siliceous  conglomerate,  from  No.  3  above. 
599  A.     Pebbles  from  599,  water-worn. 

600.  Greenish  fissile  slate,  from  No.  4  above.  Aluminous  and  fine- 
grained. The  samples  are  rather  too  quartzose  to  fairly  represent 
the  bed.  They  are  from  the  lower  portion.  The  higher  beds  are 
softer. 

601.  Coarse  porphyritic  **dioryte,*'  in  a  dyke  running  parallel  with 
and  contiguous  to  and  passing  into 

602.  A  fine-grained  dioryte,  in  the  form  of  a  dyke.  The  interval 
of  transition  is  perhaps  two  feet  wide  and  the  crystals  of  feldspar  are 
scatteringly  disseminated  through  it  on  the  south  side,  and  wholly 
disappear  on  the  north  side.  They  run  in  the  same  direction  as  the 
dyke  on  Silver  Islet.  The  whole  is  45  feet  wide,  but  is  evenly  divided 
between  Nos.  601  and  602,  from  about  a  mile  north  of  the  '^Landing'* 
at  Silver  Islet. 

Pigeon  River  Falls  are  formed  by  the  range  of  hills  of  trap  that  set 
in  near  the  head  of  ^Wauswaugoning  Bay.  The  range  is  an  immense 
dyke  cutting  the  slate,  and  continues  east  so  as  to  make  the  peninsula 
that  separates  the  bay  into  North  and  South  Arms,  but  undulates  up 
and  down.  It  is  in  one  of  the  downward  undulations  that  the  falls 
occur.    Probably   more  of  these  hills  than  has   been   supposed,  are 
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simply  dykes  piled  up  OTer  the  fissure  when  the  rock  was  molten,  some- 
times flowing  over.     Hat  Point  and  Mt.  Josephine  are  thus  dykes. 

603.  Porphyritic  dioryte,  such  as  cover  the  hills  of  quartzyte  and 
slate  at  Pigeon  Pt.    From  the  extremity  of  Pigeon  Pt.    (V.  No.  291.) 

604.  Black,  fine-grained,  hardened  slate,  from  south  of  the  dyke 
(No.  605)  on  the  point  next  east  of  the  little  bay  where  the  portage 
passes  over  Pigeon  Pt.,  on  the  south  shore  of  Pigeon  Pt.  The  portage 
is  87  paces  over,  from  the  top  of  the  beach  on  the  south  side  to  the 
same  on  the  north  side,  and  passes  wholly  over  moss- covered,  loosened 
fragments  of  rock. 

605.  Dyke-rock,  cutting  the  slates  and  quartzyte,  35  feet  wide,  at  the 
bay  where  the  little  portage  crosses  the  point. 

606.  Rock  of  the  surface  next  north  of  the  dyke,  in  contact  with  it. 

607.  Modification  of  the  quartzytes  next  north  of  the  dyke,  and  un- 
der No.  606,  fine-grained  quartzose  syenite,  some  of  it  not  showing  or- 
thoclase. 

608.  Fine-grained,  reddish  quartzose  syenite,  a  modification  of  the 
quartzytes,  under  No.  606. 

609.  Similar  to  the  last,  but  further  from  the  dyke  No.  605. 

610.  Similar  to  the  last,  but  more  red,  further  from  No.  605. 

611.  Ked,  fragile  syenite,  a  further  modification  ofihe  rock  under- 
lying the  rock  No.  606,  and  further  within  the  bay. 

612.  A  further  modification  of  the  same  beds  or  underlying  beds, 
from  a  few  feet  within  the  bay  toward  the  portage  trail,  northwest- 
erly from  604.  This  is  evidently  mingled  with  igneous  matter,  though 
having  a  slightly  red  color.  There  is  a  fine  cross-jointage  in  610  and  612 
that  resembles  that  of  some  igneous  dykes,  but  this  is' not  anywhere 
seen. 

The  relations  of  607 — 612  to  the  dyke  and  to  the  quartzyte  cannot 
be  stated  positively,  for  the  whole  situation  is  confused,  yet  the  posi- 
tion of  the  beds  from  which  they  are  derived  is  such  that  they  would 
succeed  each  other  in  descending  order.  No.  60 J-  seems  to  be  the 
quartzyte  hardened.  It  forms  a  surface  sloping  to  the  lake.  It  is  cut 
by  No.  605,  but  as  605  rises  five  or  six  feet  above  the  lake  it  comes  in 
contact  on  the  north  side  with  606,  which,  while  so  situated  as  to  be 
the  apparent  continuation  of  604,  has  a  very  difi'erent  lithology.  It  is 
much  like  the  rock  603,  at  the  extremity  of  the  point;  is  coarser-grained 
than  604,  but  has  free  quartz  and  horn-blende.  No.  606  overlies  the 
numbers  following  to  No.  612.  These  last  cannot  be  said  to  come 
exactly  in  the  order  numbered,  but  probably  do  approximately.  The 
layers  are  in  strata  and  dip  S.  or  S.  E.  weathering  out  thin-bedded. 
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The  samples  did  not  come  from  successive  beds,  but  rather  at  increas- 
ing distances  along  the  beach,  somewhat  descending  in  the  strata. 
The  fragile  parts  (Nos,  611  and  612)  are  at  once  followed  by  the  pebbly 
beach  where  the  portage  trail  passes  over  to  the  north  side.  These  are 
piled  in  successive  steps  upon  each  other  to  the  height  of  15  feet,  and 
continue  across  the  bay.  It  was  doubtless  owing  to  the  occurrence  of 
these  soft  beds,  which  rot  and  chip  up,  under  the  water  and  ice  of  the 
lake,  that  the  break-down  in  the  peninsula  exists  here. 

613.  On  the  west  side  of  this  little  bay  the  point  consists  of  rock 
like  some  of  the  rock  on  the  other  point  (607 — 612),  but  is  hard  and 
firm.  It  has  a  resemblance  to  th^  plumbaginous  quartzyte  (552),  but 
with  the  naked  eye  no  plumbago  can  be  detected. 

614.  Near  the  point  a  dyke  cuts  this  rock,  blackening  and  harden- 
ing it.  The  dyke  seems  to  dip  N.  E.  so  as  to  stand  at  right  angles  to 
the  dip  of  the  quartzyte,  and  the  north  wall  is  very  distinct,  the  dyke 
having  been  torn  away  by  the  lake. 

615.  Rock  of  the  above  dyke. 

This  dyke,  which  is  12  feet  wide,  has  not  the  direction  of  that  on 
the  other  point,  but  runs  out  into  the  lake  S.  E.  while  that  on  the 
other  point  seems  to  run  into  the  bay,  lying  to  the  north  of  this. 
These  dykes  each  point  toward  a  hill  of  quartzyte  near  the  coast  a 
short  distance  west. 

616.  Further  within  the  bay,  on  the  west  point,  the  rock  bluff  fac- 
ing east  is  reddish  and  mottled,  like  much  of  that  on  the  other  point. 
Sometimes  the  prevailing  color  is  red,  and  sometimes  green,  but  the 
colors  do  not  apparently  change  in  any  observable  regularity,  or  in 
accordance  witlt'the  strata.  By  far  the  greater  portion  on  the  west 
point  is  red,  while  on  the  east  point  a  green  color  is  more  common; 
bands  and  veins  of  red  run  through  the  green,  or  vice  versa. 

The  two  dykes  mentioned  at  Little  Portage  bay  converge  toward  a 
hill  near  the  south  coast — indeed  the  rock  forming  the  point  (613) 
seems  to  rise  and  culminate  in  this  hill,  though  the  hill  is  at  last  sud- 
den in  ascent  on  nearly  all  sides.  It  is  about  one -half  mile  west  of 
the  portage. 

617.  From  near  the  base  of  the  hill  mentioned,  a  reddish  gray 
quartzyte. 

618.  Gray  quartzyte,  from  the  top  of  the  same  hill.  This  hill  is 
with  the  exception  of  that  back  of  Clark's  Bay,  the  highest  on  the 
peninsula,  and  consists  of  metamorphosed,  highly  inclined,  basaltified, 
gray  quartzyte.     The  softer  beds  that  allow  of  the  narrows  in  the 
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peninsula  form  a  belt  of  low  land  running  north  of  this  hill,  and  strik- 
ing the  north  coast  N.  W.  from  the  hill. 

There  are  four  principal  elevations  on  the  peninsula.  1st.  East  of 
the  narrows,  forming  a  basaltic  bluff  perpendicular  from  the  water  on 
the  north  side  of  the  point.  2nd.  The  quartzyte  hill  near  and  west 
of  the  Little  Portage  bay.  3rd.  Hill  at  the  head  of  Clark's  Bay, 
north  of  it.  4th.  The  hill  range  cut  by  the  Parker  vein.  Of  these 
the  third  is  the  highest,  being  about  three  hundred  and  fifty  feet  above 
the  lake. 

619.  From  the  same  hill  as  No.  618,  on  the  south  side  where  the 
structure  is  basaltic.  , 

This  quartzyte  assumes  forms,  structures,  colors  and  positions  that 
give  it  a  very  great  resemblance  to  igneous  rock.  It  is  often  finely  or 
coarsely  basaltic  (at  least  cut  by  numerous  N.  and  S.  parallel  points), 
and  sometimes  rises  suddenly  to  the  height  of  over  one  hundred  and 
fifty  feet.  It  is  dark  gray,  greenish,  red,  black.  It  is  globuliferous, 
or  at  least  disintegrates  in  a  rough  or  cavernous  manner  somewhat  like 
trap  rock.  It  is  porphyritic,  with  feldspar.  These  characters  do  not 
combine,  but  occur  separately,  and  it  can  hence  generally  be  identified. 

620.  Rock  of  the  E.  Palisades  (V.  No.  230).  This  rock  is  red  on 
weathering  under  friction,  but,  being  coarsely  fissile,  or  shaly,  cut  by 
innumerable  seams,  it  rarely  fractures  freshly  but  parts  into  small 
angular  pieces  by  a  blow  from  the  hammer,  showing  only  greenish 
coatings  in  the  seams.  Its  true  fracture  is  ragged.  This  rock  has  fine 
translucent  grains  of  quartz  resembling  those  of  the  Great  Palisades 
and  a  general  outward  resemblance  to  the  rock  of  the  Great  Palisades. 

621.  Thomsonites  ( ?)  &c.,  from  a  short  beach  at  Lover's  Bay.  The 
trap  that  encloses  this  bay  is  dark,  but  slightly  greenish,  and  amyg- 
daloidal  with  Thomsonites  and  Wernerite.  They  are  few  and  dull  in 
color.  They  are  generally  of  a  pink  color,  or  massive  and  white. 
(See  after  No.  192.) 

622.  Stilbite,  thomspnite,  calcite  &c.,  mouth  of  False  Poplar  river. 

623.  Dark,  greenish  trap,  forming  the  upper  layer  of  the  point  that 
encloses  Eclipse  beach  on  the  east.  This  is  two  and  one-half  feet  thick, 
not  amygdaloidal,  but  very  chloritic  from  decay. 

624.  Laumontitic  amygdaloid,  lying  below  No.  623.  This  has 
some  stilbite  and  some  thomsonite.  This  bed  by  easy  disintegration 
forms  two  small  harbors,  one  protecting  from  the  N.  E.  and  one  from 
the  S.  W.  The  beach  of  the  west  harbor  is  of  gravel,  and  has  many 
thoiyisonites,  but  the  east  harbor  is  entirely  rock-bound.     This  bed  is 
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about  eight  feet,  but  varies  some,  as  the  characters  of  No.  623  fluctuate 
up  and  down.     The  general  color  is  a  dull  red. 

625.  Greenish  trap,  having  much  thomsonite,  prochlorite  and  some 
stilbite.  From  this  bed  the  thomsonites  of  Eclipse  beach  weather  out. 
Some  of  the  masses,  of  thomsonites  are  three  or  four,  or  even  ten 
inches  across;  but  in  the  case  of  large  masses  the  mineral  lies  rather 
in  sheets,  with  radiating  points  on  the  upper  and  lower  contact  sur- 
faces. Some  large  masses  two  inches  across  also  have  two  or  three 
points  of  radiation.  When  polished  on  the  beach  the  pieces  which  re- 
sult from  the  destruction  of  the  large  masses  are  prismatic,  but  there 
are  also  many  round  and  oval  which  have  not  been  broken  on  separa- 
tion from  the  rock.  These  show  the  circular  radiating  results  of  dif- 
ferent colors  on  the  outer  surfaces  tvhen  polished  on  the  beach.  The 
colors  are  pink,  red,  white  and  green, — at  least  the  same  green  mineral 
is  found  here,  always  smaller  than  the  other  thomsonites,  as  is  found 
at  Terrace  Point.  This  green  mineral  often  surrounds  the  pink  and 
white  radiating  masses  of  thomsonite.  It  is  itself  not  evidently  radi- 
ated, and  the  radiations  of  the  thomsonite  penetrate  it. 

This  rock  is  very  nearly,  if  not  exactly,  on  the  same  horizon  as  the 
trap  at  Terrace  Point,  judging  from  the  run  of  the  beds,  as  they  extend 
along  the  coast  from  that  place.  The  same  horizon  extends  to  Poplar 
river  without  much  deviation.  Some  thomsonites  are  to  be  seen  on 
the  beach  at  Poplar  river.  The  thickness  of  No.  625  cannot  be  made 
out,  as  it  forms  the  coast-line  eastward.    (V.  No.  187.) 

625A.     Thomsonites,  picked  from  the  rock  at  Eclipse  Beach. 

625B.     Thomsonites,  picked  from  the  beach  at  Eclipse  Beach.* 

626.  Red  laumontitic  amygdaloid,  from  about  mid-way  between 
Poplar  and  Temperance  rivers  (Nos.  177  and  178).  This  is  in  regular 
beds,  of  a  few  inches,  or  less  than  an  inch,  lying  like  a  sedimentary 
rock.  The  general  color  is  pinkish-red.  These  specimens  may  repre- 
sent the  red  amygdaloid  of  several  miles  along  here,  even  from  Popla^ 
river,  though  the  sedimentation  is  not  so  plain  in  all  cases.  Over 
them  here  is  a  heavy  bed  of  trap,  massive  or  coarsely  jointed.  This 
trap  bed  forms  arched  purgatories,  and  tables  extending  over  the  lake, 
where  it  extends  down  to  the  water,  the  amygdaloid  being  eaten  out 
by  the  lake.     Occasional  thomsonites  occur  here  on  the  beach. 

From  two  or  three  miles  east  of  Temperance  river  to  about  half  way 
to  Poplar,  is  a  very  picturesque  and  interesting,  but  difficult  coast. 

*Thii  is  called  Eclipse  Beach,  becaaee  in  1878,  iu  the  Intter  part  of  July,  oar  boat  wa^  driven  in  here 
by  liigh  wiudf  and  daring  oar  enforced  atay  in  the  afternoon,  the  sun  wan  ecHpMd  about  iialf  an  hour. 
Being  compelled  to  spend  the  night  here,  oar  camp  waa  pitched  on  tiie  blufl'  and  between  the  two 
harbors. 
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The  trap  and  amygdaloid  form  a  thousand  fantastic  shapes,  as  the  line 
of  the  lake  level  cuts  across  the  undulations  of  their  bedding  and 
change^  of  dip.  Sometimes  the  bridge  of  trap  rock,  produced  by  the 
eating  away  of  the  soft  underlying  amygdaloid,  runs  intact  down  to 
the  lake,  forming  deep  reverberating  purgatories  in  which  by  the  con- 
finement and  compression  of  pockets  and  chambers  of  air,  the  waves 
that  close  up  the  entrance  are  thrust  back  quickly  again.  Sometimes 
the  bridge  breaks  down,  leaving  islands  of  rock  just  off  the  line  of 
coast.  Sometimes  bridge,  islands  and  all  are  taken  away,  letting  the  lake 
break  on  the  base  of  the  high  bluff  rising  often  perpendicular  from  the 
water,  or  skirted  by  a  narrow  pebbly  beach,  a  few  rods  inside  the  line 
where  the  islands  had  existed.  The  effect  of  wave-and-frost-action  on 
a  line  of  stratigraphy  of  alternating  hardness  could  not  be  more  per- 
fectly illustrated. 

627.  Dark  trap,  forming  an  arched  rock  at  the  shore  three-fourths 
of  a  mile  west  of  Cross  river.  The  eroded  bed  is  one  of  two  feet  thick- 
ness of  stilbite-thalite-laumontite  amygdaloid,  which  lies  on  a  firm 
bed  of  trap  having  thomsonite  and  stilbite  with  less  thalite. 

628.  Basalt;  mouth  of  the  Manitou  river.  At  this  place  about 
thirty  feet  of  trap  that  shows  red  surfaces  in  falling  to  pieces,  lies  on 
an  amygdaloid  conglomerate,  the  two  together  forming  precipitous 
bluffs  on  either  side  of  the  river,  with  lower  stretches  where  the  trap, 
which  is  basaltic  or  semi-basaltic,  runs  unbroken  down  to  the  water. 
This  kind  of  coast  runs  east  at  least  to  the  point  west  of  Pork  bay  and 
west  to  Little  Marais.    (V.  No.  160.) 

629.  Conglomerate,  from  the  mouth  of  Manitou  river.  The  con- 
glomerate is  crumbling,  soft,  red,  amygdaloidal,  the  form  and  original 
structure  of  the  pebbles  being  obscured  or  lost  in  the  metamorphism. 

Over  this  conglomerate  at  Manitou  river  the  trap  (628)  is  basaltic. 
Along  the  coast  it  greatly  resembles  the  Grand  Marais  trap.  The 
basalt  is  bedded,  or  at  least  jointed  in  the  direction  of  the  dip,  so 
that  the  columns  break  off  in  pieces  a  few  feet  long,  leaving  a  smooth 
surface  below,  but  one  on  which  the  outlines  of  the  tops  of  another 
tier  of  columns  can  be  seen,  and  which  is  itself  broken  away  at  a 
lower  level,  so  as  to  disclose  another  tier  still  lower.  Thus  in  succes- 
sive benches,  or  tiers  of  columns  the  bluffs  ascend  somewhat  irregu- 
larly from  twenty  to  eighty  feet.  Sometimes  one  of  the  lower  tiers  is 
not  broken,  but  like  a  dome  rises  gradually  from  the  water  and  runs 
under  one  of  the  upper  tiers.  This  regularity  is  not  the  invariable 
form  of  the  breaking  away.  Instead,  a  very  rough  surface,  caused  by 
the  separate  and  individual  fracture  of  the  columns  all  over,  some- 
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times  runs  down  to  the  lake  level.  This  is  the  case  in  approaching 
Little  Marais  from  the  east,  where  at  the  point  the  whole  range  of 
trap  strikes  southwardly  into  the  lake  and  disappears  under  the  water, 
forming  a  ragged,  rocky  point,  and  letting  the  coast  line  on  to  the  con- 
glomerate, which  is  but  little  seen,  the  only  exposure  being  just  at  the 
point  on  the  west  of  the  strike  of  the  trap. 

630.  Green,  chloritic  trap,  from  two  miles  west  of  Little  Marais 
Point,  forms  perpendicular  bluflfs. 

631.  Green  chloritic  amygdaloid,  from  the  same  place. 

631A.  Red,  compact,  rock-like  veins  in  631.  This  red  rock,  which 
seems  to  be  foreign  to  the  rock  631  in  which  it  appears,  is  found  em- 
braced in  veins  with  stilbite  and  calcite. 

West  from  Little  Marais  beach,  the  first  little  point  is  formed  by  a 
trap  exposure  which  probably  lies  below  the  conglomerate.  This  con- 
tinues west  under  a  stony  beach  for  a  mile  or  so,  when,  with  a  high 
dip,  it  begins  to  show  more  and  more,  and  finally  to  make  a  continuous 
bluff  twenty  to  forty  feet  high.  This  trap  (630)  has  a  very  different 
aspect  from  the  Little  Marais  trap,  being  green  instead  of  red,  the 
amygdaloidal  portions  also  being  green.  It  contains  stilbite,  calcite, 
chlorite,  (thalite)  and  some  thomsonite.  This  trap  and  amygdaloid 
are  bedded,  but  not  basaltic.  Running  through  it  are  seams,  one  and 
two  inches  wide,  (631A.)  which  are  made  up  of  layers  of  stilbite  and 
a  red  rocky  substance  that  resembles  the  rock  Nos.  7  and  42.  On  the 
beach  are  amygdules  of  quartz  and  thomsonite.  This  rock,  taken  all 
together,  much  resembles  the  rock  at  Eclipse  Beach,  and  perhaps,  if 
the  horizons  could  be  compared,  it  would  prove  to  be  synchronous  in 
origin. 

A  little  further  west,  as  Nos.  630  and  631  rise  above  the  beach,  a 
reddish  amygdaloid  is  brought  into  view,  which  on  close  examination 
proves  to  be  a  conglomerate.  This  rises,  as  the  anticlinal  bend  of  the 
trap  passes  inland  so  as  to  show  about  thirty -five  feet  with  purgatories 
in  a  perpendicular  bluff.  Under  it  soon  appears  another  trap  which 
also  rises  in  anticlinal,  is  broken  away  by  the  action  of  the  lake,  and 
discloses  in  an  eastward  facing  bluff  a  lower  conglomerate  bed  of  un- 
known thickness.  This  anticlinal  covers  about  a  mile  and  a  half. 
The  beds  return  to  the  lake  again  at  the  headland  about  one-half  mile 
still  further  west.  This  is  on  Sees.  29,  30  and  31,  T.  57,  R.  6,  about 
three  miles  west  of  Little  Marais. 

632.  Trap,  from  a  point  of  rock  on  Sec.  29,  T.  57,  6,  separated 
from  the  green  trap  630  by  a  conglomerate  thirty -five  feet  thick.  This 
is  red  in  many  spots,  on  account  of  the  red  partings  along  all  the 
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joints,  styled  heulanditic  by  Norwood.  It  is  crossed  by  red  siliceous 
seams  about  one-half  inch  thick,  and  has  large  lumps  of  quartz  and 
geodes.  These  red  veins  resemble  the  red  vein  material  of  631A.  but 
not  so  abundantly  accompanied  by  stilbite.     Thickness  12  feet. 

632A.  Siliceous,  jaspery  seams  from  trap  No.  632,  from  a  point 
about  one-half  mile  west  of  where  630  appears. 

6326.  In  the  same  beds  of  632,  or  which  at  least  contain  632 A.  are 
siliceous  geodes,  lined  sometimes  with  amethyst,  and  a  great  many 
agates.  These  are  in  a  bed  but  little  above  a  conglomerate,  and  seem 
to  have  been  derived  from  the  fusion  and  dissemination  of  the  material 
of  the  conglomerate,  the  same  cause  doubtless  as  filled  the  siliceous 
veins  of  632 A.     In  some  geodes  the  central  mass  is  laumontite. 

633.  Thin,  irregular  beds  of  trap,  immediately  under  632,  contain- 
ing red  amygdules. 

634.  Nearly  the  same  as  633,  but  underlies  it;  this  seems  to  be  a 
heulandite  amygdaloid.  It  is  near  the  top  of  the  conglomerate.  It 
also  contains  agate,  stilbite,  laumontite  and  chlorite.  The  red  coat- 
ings and  the  heulanditic  characters  prevail  along  the  red  seams  that 
cross  and  re-cross  the  rock.  In  some  cases  the  red  mineral  penetrates 
the  whole  and  is  disseminated  generally  through  the  mass  in  the  man. 
ner  of  amygdules. 

634 A.  Amygdules  of  "heulandite,"  and  of  agate,  stilbite  and  chlo- 
rite, picked  from  No.' 634. 

634B.     Stilbite  crystals  from  634. 

635.  Greenish,  rather  soft,  fine,  sub-crystalline,  compact  crumbling 
rock,  containing  siliceous  nodules.  At  first  this  polishes  under  the 
friction  of  the  waves,  but  after  long  exposure  it  crumbles  from  the 
abundance  of  chlorite.  It  lies  under  No.  634  and  also  has  heulandite 
in  the  upper  portion.  Nos.  633-35  have  a  thickness  of  only  three  or 
four  feet,  and  are  variously  afi^ected  by  proximity  to  the  conglomerate. 

635A.  Stilbite  amygdaloid,  containing  also  agatized  nodules,  jas- 
per, &c.,  lying  below  634.  The  heulandite  material  coats  the  amyg- 
dules and  all  seams  and  joints;  contains  some  chloritic  amygdules. 

Beginning  with  the  Little  Marais  trap  bed  the  succession  downward 
appears  as  follows  in  going  west  along  the  coast : 

1.  Little  Marais  trap,  Nos.  160  and  628 30  ft. 

2.  Amygdaloidal  conglomerate  (No.  629) 50  ft^ 

3.  Green  trap,  (two  miles  west  of  Little  Marais,  Nos.  630 

and  636, 50  ft. 

4.  Crumbling  conglomerate,  amygdaloidal,  seen 35  ft. 

5.  Trap,  with  heulandite  (No.  632) 12  ft. 
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6.  Trap,  amjgdaloidal  with  heulandite  (?)  (Nos.  633-4-5,..       5  ft, 

7.  Amygdaloidal  conglomerate.     Thickness  unknown. 

636.  Samples  of  red  granite;  resembles  the  red  granite  at  the  west 
point  of  Beaver  Bay,  but  is  coarser  than  that.  At  a  distance  this  is 
apt  to  be  mistaken  for  the  Palisade  rock.  Sec.  1,  T.  56,  7.  This 
makes  a  high  point,  with  a  perpendicular  face  toward  the  S.,  but  there 
is  only  a  small  area  of  it  in  the  formation*  (V.  No.  157).  This  rock 
passes  by  slow  changes  into  the  Palisade  rock.  It  appears  at  a  num- 
ber of  other  places  along  this  part  of  the  shore.     (V.  No.  643.) 

637.  Feldspar  rock,  Beaver  Bay,  at  the  west  point  of  the  bay,  (V. 
No.  120). 

637A.  A  light  flesh -colored  mineral,  with  a  radiated  structure,  in 
scales  filling  seams  in  No.  637.  The  scales  are  generally  about  one- 
fourth  inch  thick,  but  are  sometimes  one-half  inch. 

638.  Rock  at  the  base  of  Encampment  Island,  from  the  north  side 
of  the  island,  (same  as  106). 

639.  Green,  heavy  doleritic  trap,  coarse-grained,  from  the  high 
bluff  about  a  mile  east  of  Silver  Creek.     (V.  Nos.  105,  819.) 

640.  .Two  Harbor  Rock,  separated  from  No.  639  by  a  red  amyg- 
daloid, eighteen  to  twenty  feet,  as  at  Two  Harbors;  at  the  water  level, 
under  the  hill  formed  by  639,  about  a  mile  E.  of  Silver  Creek. 

641.  Trap  amygdaloid.  Knife  river,  grayish  green,  containing 
thalitejand  chlorite.     (V.  No.  91.) 

From  Grand  Marais  to  Ogishkee  Muncie  Lake,  and  Mouth  of  Poplar 

Pher. 

The  hills  that  lie  near  the  mouth  of  Silver  creek,  and  that  extend  in 
a  chain  N.  E.  from  here,  are  the  first  of  that  form  and  outward  aspect 
similar  to  the  Mt.  Josephine  class,  that  can  be  seen  from  the  tug-boat 
in  going  down  the  shore  from  Duluth. 

The  range  next  east  of  Carlton's  Peak  has  the  same  outward  form 
but  Carlton's  Peak  itself  is  different.  Between  Carlton's  Peak  and 
Poplar  river  are  four  prominent  hills,  rising  about  as  high  as  Carlton's 
Peak.  West  of  Carlton's  Peak  for  a  long  distance,  is  an  unbroken 
line  of  continuous  high  land,  but  further  west  still  is  a  very  ragged 
range  of  hills. 

East  from  Poplar  river  are  two  gentle  swells  of  high  land  at  once; 
then  the  high  land  is  more  even-topped,  gradually  descending  to  the 
coast  at  Cascade  river.  The  range  appears  double  at  Poplar  river,  a 
high  hill  farther  inland  overlapping  .the  gap  at  both  ends.  The  same 
is  true  at  Cascade  river. 
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In  passing  toward  Grand  Marais  some  of  the  hills,  which  do  not 
from  the  S.  W.  show  any  semblance  to  the  saw-teeth  structure, 
change  their  profile,  and  fall  into  line  as  parts  of  the  regular  range. 
The  range  thus  runs  to  Grand  Marais,  where  it  seems  to  fall  away,  or 
to  recede  from  the  coast. 

The  appearance  of  the  hills  suggests  that  the  Silver  creek  range,  al- 
ready mentioned,  having  the  outward  appearance  of  those  at  Grand 
Portage,  is  of  the  same  geological  structure,  and  that  the  range  east  of 
Carlton's  Peak,  extending  to  Grand  Marais,  may  be  of  another  geolog- 
ical age  or  formation. 

On  the  road  from  Grand  Marais  to  Rove  lake  there  is  first  a  gradual 
ascent,  with  some  fiat  spots,  to  **the  summit,"  which  is  reached  at 
about  If  miles  from  Grand  Marais,  where  the  aneroid  shows  785  feet 
above  Lake  Superior.  There  is  then  an  undulating  ascent,  or  fiat 
surface,  to  near  the  valley  of  the  stream  crossing  Sec. -9,  T.  61,  R.  1  E. 
when  there  is  a  descent  of  about  40  feet  over  drift,  to  the  creek,  which 
is  by  aneroid  838  feet  above  Lake  Superior.  The  valley  here  is  broad 
and  shallow,  without  any  rock-cut*.  The  country  thence  is  undulat- 
ing, with  good  soil  and  sub-soil,  and  rather  light  timber,  to  the  E.  and 
W.  town  line,  where  there  is  a  short  swamp,  but  on  the  other  side  of 
the  town  line  good  farming  land  again  returns.  The  whole  distance 
from  Grand  Marais,  along  this  road,  is  a  tract  generally  tillable,  even 
the  hillside  up  which  the  tract  runs.  The  underlying  rock,  in  the  hill 
seems  to  be  the  Palisade  rock,  probably  with  igneous  rocks  in  dykes 
and  overflow,  but  north  of  the  hill  the  red  rock  returns  again,  as  may 
be  presumed  from  the  occurrence  of  loose  pieces  of  the  red  rock,  and 
its  shingle,  occasionally  on  the  trail.  The  rock  in  actual  outcrop  is 
not  to  be  seen  on  the  trail  between  Grand  Marais  and  the  E.  and  W. 
town  line  mentioned. 

From  the  town  line  north  to  the  Devil's  Track  river  is  about  a  mile. 
This  stream  is  a  little  larger  than  the  other,  but  has  a  similar  valley. 
There  is  no  rock  exposed  at  the  crossing  of  Mayhew's  road  to  Rove 
Lake.  The  valley  is  in  the  drift,  but  most  of  the  stones  are  from  the 
red  formation— either  real  Palisade  rock,  or  red  granite  like  that  seen 
east  of  Beaver  Bay  and  at  Beaver  Bay  (V.  No.  665). 

Along  the  same  road  toward  Rove  Lake,  north  from  the  crossing 
of  the  Devil's  Track  river,  the  red  rock  continues  to  form  the  basis  of  the 
country,  as  shown  by  the  fragments  of  such  rock  along  the  trail,  and 
where  trees  have  been  thrown  down  by  wind,  to  about  1*  miles  north 
of  the  town  line  where  a  belt  of  coarse  dark  trap  appears,  extending 

*The  sarveyor's  plats  here  erroneoasly  extend  the  steep  bloffd  of  rock  along  both  sides  of  the  riTer. 
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perhaps  20  rods,  when  the  red  returns  for  one-fourth  mile.  Then  an- 
other belt  of  coarse  trap-rock  like  that  in  the  Grand  Portage  region 
follows  for  about  20  rods.  The  general  surface  is  not  rough,  but  un- 
dulating. It  is  covered  loosely  by  a  loam,  or  mold,  which  supports 
trees  to  a  certain  size.  They  are  generally  blown  over  and  afterward 
consumed  by  fire  which  also  burns  up  the  soil.  There  is  not  much 
drift. 

At  the  center  of  T.  62,  1  E.  a  little  knoll  of  dry  land  occurs  in  the 
midst  of  a  swamp.  Here  the  rock  is  coarsely  crystalline  doleryte.  At 
a  short  distance  further  an  amygdaloid  appears,  and  the  **Two  Harbor 
Rock,"  so-called  in  these  descriptions.  This  last  appears  soon  after 
passing  a  little  creek;  but  the  country  is  in  general  a  swamp,  with 
caribou  trail  in  soft  wet  moss  running  among  the  spruces  and  tama- 
racks. The  surface  is  closely  underlain  by  the  rock  in  situ  or  by  frag- 
ments which  are  lightly  covered  by  the  moss  or  by  a  vegetable  mold. 
Among  fragments  of  the  ''Two  Harbor  Rock"  (and  occasionally  the 
rock  in  place)  are  to  be  seen  also  masses  of  igneous,  coarse-grained 
rock  like  that  overlying  the  Two  Harbor  rock. 

6i2.  From  about  one  mile  north  of  the  center  of  T.  62  N.  1  E.  on 
Mayhew's  trail.  This  red  rock  here  which  appears  as  a  fine  red  syen- 
ite forms  an  escarpment  about  15  feet  high,  mostly  hid  by  the  trees 
and  moss,  facing  N.  N.  E.  This  is  not  wholly  red  within,  though  it 
weathers  red,  but  is  a  reddish-brown,  and  has  red  crystalline  specks 
scattered  through  it.  It  is  in  heavy,  hard  layers,  and  does  not  shatter 
into  angular  small  pieces  like  the  red  rock.  It  contains  free  quartz. 
Toward  the  south  the  land  is  higher  than  this  bluflF,  but  the  bluff  over- 
looks immediately  a  swamp,  and  a  creek,  toward  the  north.  Toward 
the  west  this  escarpment  rises  into  a  hill  75  or  80  feet  high.  At  the 
foot  of  the  bluff  is  the  rare  feature  of  a  foreign  syenite  boulder. 

643.  In  the  northern  ti6r  of  sections  in  T.  62  N.  1  E.,  where  the 
trail  crosses  them,  is  a  hill  range  100  to  150  feet  high,  with  white 
pine,  birch  and  white  cedar,  of  larger  dimensions  than  in  the  lower 
land.  This  range  is  composed  of  a  red  rock  very  much  like  the  last 
number,  approaching  the  character  of  the  red  granite  seen  east  of 
Beaver  Bay  (No.  636).  Many  boulders  of  such  rock  are  in  the  road 
before  reaching  the  hills,  and  more  in  ascending  them.  There  are  a 
few  also  of  the  gray  slate  and  quartzyte,  and  some  of  the  Grand  Port- 
age igneous  rock;  nine-tenths  of  them,  however,  are  of  this  "red 
granite." 

644.  The  top  of  this  hill,  however,  consists  of  igneous  rock.  Thi& 
is  not  certainly  in  overflow.     It  may  be  as  a  dyke  protruding  through 
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Ko.  643.  East  of  the  Mayhew  trail,  following  the  town  line  between 
towns  62  and  63,  the  land  rises  in  a  ridge  perhaps  200  feet  above  the 
country  further  south.  The  ridge  runs  about  E.  and  W.  covered  with 
heavy  forest,  and  formed  of  **red  granite.'*  This  sample  coi»tains 
quartz  and  orthoclase,  and  is  not  a  true  igneous  rock. 

This  range  of  hills,  composed  of  this  red  rock,  appears  like  a  range 
of  upheaval,  and  finally  the  country  becomes  wholly  hilly. 

645.  *'Ked  granite,*'  like  642,  from  this  hill-range,  S.  W.  i  Sec.  35, 
T.  63,  1  E.  on  a  little  creek.  This  rock  seems  to  be  the  result  of 
higher  nietamorphism  of  the  coast-line  red  rock,  or  the  Palisade  rock 
The  change  seems  to  have  been  gradual.  While  but  little  of  this  rock 
is  encountered  along  the  lake  shore,  it  here  constitutes  the  rock  of  the 
country,  and  rises  into  considerable  hills.  This  difference  of  crys- 
tallization must  be  due  to  greater  nearness  to  the  seat  oi  upheaval  and 
heat,  w^hich  would  not  be  in  consonance  with  the  opinion  expressed 
by  Messrs.  Bell  and  Logan,  locating  the  belt  of  greatest  disturbance  in 
the  bed  of  Lake  Superior.  It  seems  rather  to  be  back  in  the  vein  of 
the  lake-basin.  Most  of  the  rock  is  like  this  number,  but  there  is  also 
much  like  No.  644,  in  large  masses  that  fall  from  the  hills,  and  that 
lie  on  the  tops  of  the  hills.  It  is  difficult  to  separate  644  from  645. 
It  seems  to  be  due  to  a  mixed  condition  of  matter  from  the  sedimentary 
and  from  the  igneous  rocks,  or  perhaps  to  a  complete  fusion,  and  flow- 
ing in  igneous  form,  of  the  same  rock. 

These  hills  are  from  1,000  to  1,200  feet  above  Lake  Superior,  and 
from  100  to  150  feet  above  the  surrounding  country. 
&^,     '*Red  granite,"  S.  E.  cor.  T.  63,  1  E. 

647.  Red  rock,  like  643  and  645,  making  hills  in  N.  W.  cor.  T.  62, 
2  E.  and  N.  E.  cor.  T.  62, 1  E.  Associated  with  this  red  rock  in  some 
way  not  ascertainable. on  account  of  the  prevalance  of  surface  mold 
and  bushes,  is  found  the  next. 

648.  This  is  a  darker  rock,  containing  qttartz,  orthoclase,  plagio- 
cla.se,  hornblende,  magnetite,  viridite,  apatite,  having  somewhat  the 
aspect  of  the  Grand  Portage  trap  hills,  but  not  its  mineral  composition. 
It  may  be  only  a  local  irregularity  in  the  lithology,  as  suggested  under 
No.  645,  or  due  to  a  profound  nietamorphism  of  other  sedimentary  beds 
having  a  different  composition  originally.     There  is  abundant  oppor- 

^timity  for  this  latter  hypothesis,  because  under  the  red -rock  which  is 
supposed  to  make  by  further  crystallization  the  red  granite,  is  an  im- 
mense thickness  of  black  slates  and  quartzytes,  as  seen  in  the  peninsula 
of  Pigeon  Point,  the  strike  of  which  must*  pass  westwardly  through 
the  countr}'  north  of  Grand  Marais.     If  the  upheaval  and  metainor- 
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phism  of  the  red  rock,  which  took  place  after  its  deposition,  also  dis- 
turbed with  the  same  long-continued  effect  the  underlying  quartz- 
ytes,  they  would  be  deeply  metamorphosed  also,  and  would  produce  a 
rock  different  from  a  truly  igneous  rock,  and  from  the  overlying  red 
granite.  This  is  also  further  j)robable  from  the  observed  conformity 
between  the  red  rock,  or  red  quartzytes  at  least  of  Pigeon  Point,  and 
the  underlying  black  slates  and  quartzytes.  But  at  present  Nos.  6i4 
and  6W,  and  other  rocks  like  them  from  the  same  region,  may  be  con- 
considered  undetermined,  though  with  a  probability  of  an  original 
sedimentary  condition. 

649.  Sample  of  the  rock  seen  in  loose  pieces  along  the  trail  going 
N.  between  Sec.  36,  T.  63.  1  E.  and  Sec.  31,  T.  63,  2  E.  A  high  hiU 
runs  along  the  east  of  the  trail,  the  trail  being  west  of  the  town  line. 
This  is  a  red  syenite,  but  with  much  magnitite  and  hornblende. 

65').  Another  sample  of  dark  dioritic  rock.  This  is  so  abundant 
t.'iat  it  must  be  in  place  near,  but  cannot  be  seen. 

651.  Magnetited  dioryte,  from  boulders,  seen  along  the  same  trail, 
twenty  to  thirty  rods  north  of  the  last.  This  same  rock  forms  a  hill 
along  the  right  of  the  trail.  This  resembles  the  Herman  iron  ore  (No. 
514),  but  it  seems  also  associated  with  the  dark  rock  No.  644  and  648, 
which  is  regarded  as  originally  a  sedimentary  rock. 

Across  the  creek  which  passes  north  near  the  town  line  where  this 
iron  occurs,  is  another  hill  made  of  the  same  rock  showing  a  jMjrpen- 
dicular  wall  facing  E.  rising  about  fifty  feet,  viz. : 

652.  Dark,  heavj-  dioryte  (?)  with  magnetite,  from  a  point  about 
one-foui-th  mile  from  the  Brule  river,  and  half  a  mile  west  of  the  town 
line. 

653.  Red  rock,  from  the  Brule,  some'  west  of  the  town  line.  This 
rock  still  prevails,  thrown  up  b}"  trees. 

But  immediately  across  the  Brule,  on  the  town  line,  between  it  and 
the  head  of  Elephant  lake,  is  a  low  range  of  trap  hills,  of  the  kind 
characteristic  of  the  Grand  Portage  district.  This  rock  here  rises  in 
domes,  and  the  rock  it  lies  on  cannot  be  seen.  Yet  on  the  south  side 
of  the  Brule  it  apparently  lies  on  the  red  rock,  rising  in  the  hills  and 
ranges  higher  than  this.  It  is  coarse,  and  not  so  much  magnetited  as 
the  rock  No.  652,  south  of  the  Brule. 

North  and  we3t  of  the  Brule,  the  country  api)6ars,  viewed  from  a 
burnt  knob  of  this  trap,  quite  hilly,  and  apparentl}^  the  beginning  of 
the  broken  surface  seen  along  the  boundary. 

Also  west,  in  the  next  town,  northwest  from  here,  are  seen  some 
high  hills. 
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About  one-half  mile  north  of  the  north  side  of  Elephant  lake  on  the 
town  line,  large  pieces  of  the  slate  and  quartz5'te  formation  begin  to 
appear,  with  boulders  of  the  trap  last  mentioned.  The  country  is 
more  nearly  level,  but  covered  with  tamarack  or  spruce  in  the  swamps, 
and  white  pine,  tamarack,  white  cedar,  poplar,  white  birch,  and  moun- 
tain ash,  on  the  ridges  or  highor  flats. 

A*little  further  on,  however,  are  many  pieces  of  the  red  rock  on  the 
banks  of  a  little  creek  running  west,  and  as  they  probably  would  not 
have  been  transported  north,  but  the  quartzyte  and  slate  may  have 
been  transported  south,  it  is  probable  that  the  red  rock  really  extends 
as  far  north  as  this  place. 

Sees.  18  and  19,  T.  63,  2  E,  the  red  rock  comes  in  full  force,  form- 
ing a  range  of  hills  running  E.  and  W.  across  the  town  line,  without 
a  capping  of  trap.  This  hill-range  is  covered  with  Pinus  banksiana, 
and  the  ground  is  carpeted  with  moss,  as  in  a  tamarack  swamp.  In- 
deed this  carpet  of  moss  is  general  here.  It  seems  to  depend  on  the 
rains  that  are  perhaps  more  frequent  about  the  summits  of  the  hills. 
The  moist  winds  from  the  lake  encounter  the  colder  land  winds  com- 
ing more  from  the  north,  and  transient  showers  are  the  result. 

654.  This  sample  is  from  a  ridge  rising  about  one  hundred  and 
seventy -five  feet,  crossed  by  the  section  line  running  east,  S.  E.  i  Sec. 
18,  T.  63,  2  E.  This  is  plainly  an  igneous  rock  of  the  usual  kind  seen 
on  the  shore  of  Lake  Superior.     It  is  fine-grained  and  dark. 

655.  N.  E.  i  Sec.  20,  63,  2.  A  low  ridge  of  coarse-grained  vesicu- 
lar reddish  rock,  containing:  free  quartz,  probably  a  condition  of  the 
**redrock." 

666.  At  another  point,  a  little  further  east,  this  reddish  rock  vesic- 
cular,  and  more  evidently  a  condition  oi  metamorphism,  not  being 
wholly  crystalline. 

667.  Sec.  16,  T.  63^  2  E,  (on  the  southern  line,  just  after  the  cross- 
ing of  a  creek)  is  a  fine-grained,  brown  rock,  having  feldspar  crystals 
handsomely  disseminated  sparingly  through  it,  and  resembling  the 
stellar  porphyries,  pebbles  of  which  are  seen  occasionally  on  the  lake 
shore.  It  is  a  dark,  brownish  rock,  which  weathers  red,  but  is  hard, 
fine  and  compact,  and  shatters  under  the  hammer  in  memerous  pre- 
existing joints  which  are  iron-shot,  making  sharply  angular  fragments. 
This  contains  fine  grains  of  free  quartz,  as  shown  in  thin  section,  and 
probably  comes  from  the  sedimentary  beds,  associated  with-  the  rocks 
648,  651  and  652. 

658.  Further  on  this  ridge  takes  on  the  characters  of  655  and  656. 

659.  This  rock  appears  to  be  in  place,  but  can  be  seen  only  in  the  form 
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of  numerous  loose  pieces.  It  has  the  appearance  of  constituting  the 
top  portion  of  the  ridge  (658.)  It  is  dark,  coarsely  crvstalline,  and 
allied  to  the  dior>'tes  (Nos.  651  and  652.)  This  ridge  runs  E.  and  W. 
nearly  on  the  north  side  of  the  trail,  and  rises  about  two  hundred  feet. 

On  the  line  between  Sees.  15  and  22,  in  town  63,  2  E.  the  country 
rock  is  the  "red  granite,**  but  there  are  occasional  patches  of  igneous 
rock,  and  also  some  traces  of  drift,  shown  by  pieces  of  the  quartzyte 
and  slate,  and  by  occasional  boulders  of  syenite.  The  surface  is  gen- 
erally moss-covered  and  wet.  At  the  crossing  of  the  Greenwood  river, 
the  boulders  are  nearly  all  of  the  **red  granite.**  Following  the  line 
further  east,  to  the  little  lake  on  Sec.  13,  at  the  crossing  of  the.  stream, 
the  rock  is  of  the  dioritic  kind,  coarsely  crystalline,  but  there  are  a 
good  many  boulders  of  **red  granite'*  and  of  slate. 

At  the  crossing  of  the  town  line,  which  is  on  high  land,  is  consider- 
able good  pine,  perhaps  200,000  per  forty  on  either  side  of  the  trail. 
The  rock  underlying  is — 

660.  A"  gray  dioryte,  porphyritic,  belonging  to  the  same  class  of 
rocks  as  651  and  652.  The  "red  rock**  seems  to  have  continued  along 
the  line  of  the  trail,  as  far  east  as  to  one-half  mile  west  of  the  town 
line.  East  of  that  the  country  seems  to  have  been  in  the  next  underly- 
ing beds  as  far  as  to— 

661.  One  mile  east  of  the  town  line  (S.  E.  cor.  Sec.  18,  T.  63, 3  E.) 
is  a  reddish  crystalline  rock  in  place,  and  this  continues  east  two  miles 
from  the  town  line. 

662.  The  country  seems  to  have  considerable  drift,  oiten  of  clay, 
and  does  not  show  the  underlying  rock.  The  surface  is  nearly  flat" 
This  fine-grained  porphyry  is  allied  to  No.  657  and  is  from  S.  W.  i 
Sec.  U. 

663.  S.  W.  i  See.  19,  T.  63,  4  E,  on  McFarland's  trail.  Here  is 
a  short  E.  and  W.  ridge,  rising  about  fifteen  feet,  in  which  the  rock  is 
the  stellar  porphyry  seen  in  pebbles  on  the  lake  shore.  It  is  fine- 
grained and  brown,  but  is  beautifully  set  with  intersecting  tabular 
crystals  of  flesh-colored  feldspar.  The  mass  of  the  rock  is  made  up  of 
minute  tabular  crystals  of  a  feldspar  and  opacite,  with  a  few  grains  of 
chlorite,  and  very  rarely  a  minute  grain  of  quartz. 

In  about  N.  E.  i  Sec.  30,  T.  63,  4  E.  is  another  low  ridge,  but  made 
of  a  dififerent  rock,  being  of  a  coarse  porphyritic  dioryte,  like  some  al- 
ready numbered. 

The  height  of  land  back  of  Horseshoe  bay,  three  and  a  half  miles 
from  Lake  Superior  is  960  feet  above  the  lake. 

664.  At  a  little  more  than  two  miles  from  Horseshoe  bay,  appears 
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a  diorite  rock,  in  a  ridge,  made  up  almost  entirely  of  feldspar  and 
hornblende.  A  beach  line  is  distinctly  marked  back  of  Horseshoe  bay 
fifty  feet  above  Lake  Superior.  \ 

Passing  up  the  hill  back  of  Grand  Marais,  on  what  is  known  as  the 
"Iron  Trail,*'  the  hill  is  found  by  aneroid  to  be  1,063  feet  where  the 
trail  passes  over  it,  or  278  feet  higher  than  where  the  Rove  lake  trail 
passes  the  summit.  This  is  about  one  and  one-half  miles  from  the 
lake  shore.  The  surface  descends  eighty-seven  feet  in  passing  north- 
ward to  the  level  of  the  water  in  the  south  branch  of  the  Devil's  Track 
river. 

The  rock  is  mostly  hi^J  on  this  hill  by  drift,  some  of  it  being  clay  on 
the  top,  but  in  the  southward  slope,  where  the  face  is  most  precipitious, 
the  rock  is  exposed. 

665.  Rock  from  the  Grand  Marais  hill,  eight  hundred  feet  above 
Lake  Superior,  having  a  face  seventy -five  feet  high  toward  the  south. 
Rather  fine-grained  trap,  reddish  brown,  evidently  an  igneous  rock. 
The  top  of  this  hill  seems  to  consist  of  this  rock,  but  toward  the  base, 
on  the  south  side,  the  red  rock  that  forms  the  beach  at  Grand  Marais 
is  so  abundant  in  old  tree-roots,  thrown  up  by  the  wind,  that  it  is  un- 
questionably in  place  there,  though  so  covered  by  its  own  debris  that 
it  cannot  be  seen  in  situ. 

The  level  of  the  general  surface  does  not  fall  away  again,  after 
reaching  the  top  of  the  hill,  more  than  thirty  or  forty  feet,  when  it 
becomes  a  swamp  of  spruce  and  tamarack,  with  the  usual  covering  of 
<^oarse  Caribou  mosses.  Passing  over  the  swamp,  (about  three-fourths 
of  a  mile)  a  slight  ascent  begins,  rising  again  to  about  the  level  of  the 
.  first  hill.  A.fter  a  short  distance  of  dry  land  the  surface  descends 
rather  abruptly  to  the  south  beach  of  the  Devil's  Track  river,  which  i* 
eighty -seven  feet  lower  than  the  top  of  Mayhew's  hill.  No  more  rock 
is  seen  to  this  place,  and  here  can  be  seen  only  boulders.  The  lake 
from  which  the  south  beach  flows  is  thirty -nine  feet  higher  than  the 
jiver  where  the  trail  crosses  it. 

666.  **Redrock,"  with  small  glassy  crystals  like  quartz,  from  the 
N.  E.  side  of  the  lake  from  which  the  south  beach  of  the  Devil's 
Track  flows.  Many  loose  pieces  are  seen,  but  none  is  to  be  seen  in 
place,  the  country  being  drift-covered.  Devil's  Track  lake  is  forty- 
nine  feet  above  South  Branch  lake,  or  1,064  feet  above  Lake  Superior. 
No  rock  in  situ  appears  between  the  perpendicular  escarpment  of  the 
•Grand  Marais  hill  and  Devil's  Track  lake,  so  far  as  can  be  seen  along 
the  "Iron  Trail,"  which  strikes  the  lake  on  the  south  shore  oi\e-fourth 
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mile  east  of  the  fourth  meridian.     The  beach  here  shows  no  rock,  in 
situ,  but  is  composed  entirely  of  small  angular  pieces  of— 

667,  which  is  evidently  the  rock  of  the  country,  on  account  of  its 
abundance,  and  the  fresh  angles  of  the  outside.  It  is  reddish -brown, 
compact,  rather  fine-grained,  but  porphyritic  with  flesh-red  feldspar  of 
the  color  of  the  moss.  In  the  interior  are  seen,  on  fracture,  green 
specks  probably  due  to  changed  hornblende.  On  the  surface  these 
weather  out,  making  a  pitted  exterior.  It  also  contains  free  quartz, 
making  it  the  equivalent  of  the  red  syenite  associated  with  No.  1  at 
Duluth. 

The  divide  N.  of  DeviFs  Track  lake  is  1167  feet  above  Lake  Su- 
perior. The  swamp,  which  is  one  and  one-fourth  miles  on  the  portage 
from  Devil's  Track  lake  to  Tamarack  lake  is  1152  feet  above  Lake  Su' 
perior.  About  one-half  mile  N.  of  DeviFs  Track  lake  the  trail  crosses 
the  fourth  meridian,  and  continues  in  a  general  N.  N.  W.  direction  to 
Tamarack  lake.  The  country  about  is  not  hilly,  but  rises  perhaps 
thirty  or  fifty  feet  above  these  lakes.  Tamarack  lake  is  1132  feet  over 
Lake  Superior.  The  Devil's  Track  rivers  enters  it  from  the  N.  E.  and 
a  short  distance  above  the  lake  the  country  becomes  a  vast  swamp  of 
tamarack  and  spruce.  In  the  swamp  are  occasional  dry  knolls  of 
gravelly  clay  and  waterworn  drift,  but  in  general  throughout  the 
swamp  the  surface  is  covered  with  a  thick  coating  of  different  caribon 
mosses.  The  knolls  sometimes  spread  out  indefinitely,  rising  four  or 
five  feet  above  the  swamp,  making  a  small  flat  area  of  the  same  charac- 
ters as  the  knolls.  There  is  no  rock  in  place.  The  country  is  covered 
with  drift.     These  knolls  are  of  drift. 

The  agricultural  character  and  value  of  this  swamp  are  likely  to  be* 
mistaken.  It  seems  that  in  all  parts  of  this  district,  wherever  the  sur- 
face is  nearly  flat,  and  the  nature  of  the  underlying  rock  is  not  such  as 
to  allow  easy  and  rapid  escape  of  the  surface  waters,  a  swamp  of  tam- 
arack and  spruce  (or  perhaps  in  a  stony  area,  of  white  cedar)  inevit- 
ably supervenes;  the  easily  drained  hilly  tracts,  which  perhaps  are  so 
stony  and  rocky  as  not  to  be  arable,  are  aj)parently  better  for  farming, 
and  are  now  covered  with  fine  timber.  A  settler  would  naturally 
select  these  uplands,  whereas  really  the  low  lands  are  furnished  with  the 
better  soil,  and  are  freer  from  stones.  This  covering  of  the  uplands 
with  a  more  or  less  hardy  and  stunted  evergreen  forest,  somewhat 
sparse,  is  characteristic  of  high  northern  latitudes,  and  here  seems  to 
be  due  to  the  severe,  but  moist  climate  which  prevails. 

Owl  lake  is  about  twelve  feet  higher  than  Devil's  Track  lake,  or 
1,148  above  Lake  Superior. 
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668.  About  one-third  way  across  the  portage  from  Owl  lak^  to 
Little  Pine  lake,  are  low  rocky  mounds  and  ridges,  twenty -five  to  sixty 
feet  high,  covered  with  pine.  These  ridges  consist  of  this  rock,  a  red 
syenite,  with  green  specks  and  red  feldspathic  crystalline  surfaces  like 
several  other  samples  obtained  in  this  region. 

The  kind  of  country  described  north  of  Tamarack  Lake,  does  not 
continue  through  to  Little  Pine  Lake,  but  in  a  short  distance  lindens 
appear  in  the  forest,  then  white  pine,  hazel,  mountain  ash,  &c.,  while 
tamarack  and  spruce  gradually  disappear,  the  balance  continuing  to  be 
interspersed  even  among  the  pines  and  in  the  uplands.  Pretty  soon 
the  forest  is  nine-tenths  white  pine,  the  rest  being  composed  of  white 
birch,  Norway  pine,  balsam,  Mountain  ash  and  Mountain  maple,  at  the 
same  time  that  the  level  of  the  country  is  elevated  to  100  and  150  feet 
above  the  adjoining  lakes,  and  is  rolling  and  hilly,  with  frequent  large 
boulders  and  occasional  exposures  of  the  underlying  rock  (668).  The 
soil  is  coarse  and  stony,  with  boulders  of  light  syenite  and  many  of  red 
syenite  from  the  rock  of  the  country.  It  is  a  rusty,  loemy  clay,  that 
seems  to  be  the  direct  result  of  the  disintegration  of  the  stones  of  the 
drift,  changed  by  the  action  of  vegetation. 

669.  Ts  from  what  appears  to  be  a  dyke,  about  half  way  between 
Owl  Lake  and  Little  Pine  Lake,  though  the  exposure  is  not  sufficient 
to  show  whether  a  dyke  or  not.  There  is  a  perpendicular  wall  ex- 
posed, running  N.  and  S.  near  the  trail,  on  the  east  side,  extending 
about  25  feet  and  rising  five  feet,  sinking  down  to  the  general  level 
on  either  side,  facing  west.  There  is  in  it  a  jointage  that  weathers 
out  in  perpendicular  bands  or  basaltic  layers,  that  run  E.  and  W.  from 
one  inch  to  three  or  four  inches  in  thickness,  very  much  like  dykes 
seen  on  the  shore  of  Lake  Superior.  There  is  also  a  blind  ridge  or 
elevation  running  east,  through  the  woods,  of  about  the  same  height, 
but  showing  no  rock  as  far  as  traced.  Toward  the  west,  after  a  low 
gap  of  about  40  feet,  the  surface  rises  gradually  to  about  eight  feet, 
and  in  the  top  is  the  same  rock;  but  it  abruptly  sinks  away  into  a  val- 
ley, while  toward  the  N.  W.  is  a  considerable  elevation  or  ridge  cov- 
ered with  pine  and  containing  the  red  granite  No.  668.  No.  669  seems 
to  be  a  dyke  cutting  the  red  rock,  and  perhaps  breaking  through  it  in 
a  number  of  other  places.  It  is,  indeed,  one  of  the  causes  of  the  ''red 
granite"  which  all  of  the  time  is  supposed  to  be  due  to  complete  fusion 
and  change  of  the  "Palisade  rock,"  and  that  to  a  feebler  application 
of  the  same  force  to  the  red  shales  and  sands  of  the  Potsdam  seen  in 
the  St.  Louis  river  at  Fond  du  Lac.  No.  669  is  apparently  what  Prof. 
Pumpelly  has  described  as  a  mehphyr — a  dark  homogeneous   trap, 
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globuliferous-weathering,  and  sometimes  showing  in  the  sunlight  large 
reflecting  crystalline  surfaces  in  the  mass  of  the  rock,  due  to  crystals 
of  pyroxene  that  embrace  all  the  other  minerals. 

A  short  distance  north  of  the  divide  between  Owl  and  Little  Pine 
Lakes,  on  the  north  slope,  the  red  rock,  which  is  laid  bare  by  the 
overthrow  of  a  large  pine  by  a  late  cyclone,  shows  a  smooth  glacia- 
tion,  but  no  prevailing  direction  can  be  distinguished. 

Little  Pine  Lake,  which  is  1,154  feet  above  Lake  Superior  by  rough 
aneroid  observations,  has  no  rock  visible  about  its  shores,  but  under 
the  water  near  the  shore  can  be  -seen  everywhere  sub-angular  pieces 
of  the  red  syenite  like  No.  668.  In  making  the  portage  from  Little 
Pine  Lake  to  Clubfoot  Lake,  which  is  1,173  feet  above  Lake  Superior, 
there  is  a  small  exposure  of  the  red  granite  seen  on  the  trail,  but  else- 
where the  rock  is  either  hid,  or  is  of  boulders.  About  the  S.  and  W. 
end  of  Little  Pine  Lake  are  numerous  foreign  boulders.  The  same  is 
true  of  the  S.  and  E.  shores  of  Clubfoot  Lake. 

Round  Lake  w  1,208  feet  above  Lake  Sui^erior,  and  Abita  Lake  is 
1,349  feet. 

670.  From  onc-fouth  mile  S.  of  Lake  Abita,  in  the  large  hill  over 
which  the  trail  passes,  apparently  a  dioryte,  consisting  largely  of  horn- 
blende. 

671.  **Red  granite,"  from  the  hill  near  the  south  shore  of  Lake 
Abita,  but  not  certainly  in  place.  The  hill  rises  about  225  feet  above 
Lake  Abita  and  1,574  feet  above  Lake  Superior,  and  is  separated  from 
the  hill  from  which  No.  670  comes  by  a  dry  valley,  but  which  has  a 
creek  in  wet  seasons. 

672.  The  same  hill  which  furnishes  No.  671  near  the  lake  is  made 
up  of  this  rock  toward  the  top,  being  a  coarse  dioryte.  In  what  man- 
ner this  is  related  to  No.  671  does  not  readily  appear.  There  can  be 
seen  large  blocks  of  this,  and  some  small  mural  faces,  along  the  north 
side  of  the  hill,  but  in  general  everj-thing  is  hid  by  turf,  forest  and 
mosses.  There  is  but  little  doubt,  however,  but  these  blocks  are  not 
far  removed  from  their  natural  places. 

The  lakes  of  Brul6  river,  north  from  Brul<5  Mt.,  are  955  feet  above 
Lake  Superior,  by  aneroid,  and  Brul6  Mt.  in  its  highest  part  is  1,461 
feet  above  Lake  Superior.  Brul6  Mt.  does  not  appear  like  a  mountain 
from  the  south,  rising  but  30  feet  above  Lake  Abita,  but  from  the 
north  it  is  very  prominent  as  an  isolated  hill  that  rises  506  feet  above 
the  rijrer  flowing  along  its  northern  base. 

673.  **Red  granite,**  top  of  Brul6  Mt.  and  the  rock  is  not  well  seen 
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///  situ.    Almost  no  rock  but  the  red  granite  is  seen  along  the  trail 
from  Lake  A  bit  a  to^ 

674.  a  rather  fine-grained  deposit,  with  quartz,  which  occurs  on  the 
north  face  of  Brul6  Mt.,  forming  a  perpendicular  wall  about  20  feet 
high,  but  is  only  seen  (so  far  as  examined;  a  little  east  of  but  near  the 
trail.  It  is  240  feet  below  the  top  of  the  mountain,  and  makes  a  more 
or  less  continuous  jog  or  shoulder.  Very  few  red  pieces  are  to  be  seen 
north  of  this  shoulder,  but  south  of  it  they  make  nine-tenths  of  all  the 
stones.  Occasionally  light-colored  gneiss  and  granite  are  seen,  and 
rarely  a  piece  of  siliceous  slate,  so-  that  it  seems  as  if  here  were  the 
northern  boundary  of  the  red  granite  (V.  No.  6S5). 

675.  In  the  northern  face  of  Brul6  Mt.,  300  feet  below  the  top 
about  south  from  the  east  end  of  the  westerly  lake  in  Brul6  river.  This 
reddish  granitoid  rock  forms  a  perpendicular  wall  of  60  feet  in  height. 
This  contains  much  hornblende,  thus  causing  it  to  approach  the  min- 
eral characters  of  the  dioryte  No.  674. 

676.  At  a  lower  level  another  perpendicular  wall  of  rock  is  found 
on  the  north  side,  a  little  to  the  west  of  the  section  line  between  sec- 
tions 16  and  17,  rising  about  78  feet.  This  rock  resembles  the  rock 
Xo.  674,  but  the  bluff  cannot  be  said  to  consist  entirely  of  this.  An- 
other exposure  of  rock  like  No.  676  is  at  the  water  level,  on  the  north 
side  of  the  lake  mentioned.  It  runs  under  the  lake,  sloping  south, 
and  is,  like  No.  676,  deeply  disintegrated. 

The  top  of  Brul6  Mt.  is  rounded  and  torest-covered,  the  ascent  in 
all  directions  being  very  gradual,  but  most  abrupt  from  the  north. 
The  only  rock  seen  is  boulders,  generally  of  dioryte.  The  highest 
point  is  about  one-eight  mile  east  of  the  section  comer  (17,  16,  20,  21, 
inT.  63  N.  R.  1  W.)  and  one-sixteenth  of  a  mile  south.  From  this 
place  no  higher  land  can  be  seen  toward  the  east,  but  there  is  a  high 
peak  toward  the  S.  W.  six  or  eight  miles,  supposed  to  be  IJagle  Mt.,  a 
very  high  range  visible  a  few  miles  north,  afterward  learned  to  be  the 
Misqftah  Hilhy  and  other  hills  to  the  west.  About  north  of  the  peak 
thought  to  be  Eagle  Mt.,  is  a  high  square-cut  hill,  like  one  of  the  Saw- 
teeth hills;  but  toward  the  S.  E.  is  low,  flat  ground,  probably  the 
course  of  the  Brule  valley*. 

On  the  next  portage  northward  from  the  Brul6  river  the  country  is  a 
swamp,  with  occasional  low  knolls,  or  short  ridges,  the  whole  covered 
with  tamarack  and  spruce,  and  the  lower  parts  being  very  stony,  simi- 
lar to  the  St.  Louis. valley  from  N.  Pacific  Junction  northward  to 

*3«n*orihepeparticii lam  were  obtained  of  my  man  Mallmaon  who  climbed  a  **Jack  pine'*  eighty 
fnt  high,  growing  on  the  top  of  the  motintniD,  and  ft-om  it  de»cnbe<l  the  hurronndlng  country. 


Digitized  by  VjOOQIC 


76  TENTH   ANNUAL  REPORT 

Knife  Falls,  and  similar  to  mnny  swamps  in  this  northern  part  of  the 
State,  the  most  of  the  stones  here  being  of  the  rock  No.  676,  but  with 
a  sprinkling  of  red  granite,  as  if  there  were  still  roek  of  that  kind  in 
place  further  north.  Some  of  the  boulders  are  banded  with  magnetite. 
At  about  half  waj-  to  Little  Trout  Lake  the  boulders  of  red  granite 
constitute  about  half  of  all. 

677.  A  short  distance  further  north  a  hill  rises  on  the  east  of  the 
trail,  but  near  it,  (about  100  feet),  consisting  of  the  rock  of  this  num- 
ber— a  very  fine-grained  basalt,  nearly  black,  compact.  In  thin  sec- 
tion this  shows  a  multitude  of  similar  polarizing,  rounded  small  crys- 
talline grains  dispersed  through  a  ground-uiass  of  uniform  character 
that  is  apparently  semi -crystal  line  with  scattered  cubes  of  magnetite. 
This  would  seem  to  make  it  a  cry  sol  it  e  basalt. 

But  in  following  the  trail  it  passes  over  this  hill-range,  which  is 
only  part  of  a  generally  hilly  tract  surrounding  the  Little  lake,  next 
on  the  trail,  the  lake  itself  being  244  feet  above  the  Brule  river.  These 
hills  are  not  large,  rising  about  200  feet,  but  the  country  is  what  may 
be  styled  hilly.  The  rock  constituting  them  is  of  the  same  kind  as 
No.  676,  and  of  the  **red  granite;*'  large  masses  of  the  former,  and 
many  small  pieces  of  the  latter,  being  strewn  about. 

This  hill  extends  to  the  Little  lake,  and  along  the  S.  £  side,  where 
the  superposition  of  the  strata  can  be  made  out  in  descending  order, 
the  highest  stratum  being  of  the  * 'red  granite.'*  Thus:  (with  a  dip 
10  deg.  S  W.) 

Red  granite  (not  actually  seen  in  place.) 

No.  678,  in  a  regular  bed  of  the  thickness  of 15  ft. 

No.  676,  porphyry  with  red  feldspar 4  ft . 

No.  679A.  porphyry  with  gray  feldspar 8  ft. 

No.  680.     Fine  bedded,  crumbling,  seen 18  ft* 

The  foregoing  does  not  include  all  the  strata,  some  being  invisible 
both  at  the  top  and  at  the  bottom.  These  strata  seem  to  belong  to 
the  formation  of  the  great  slate  and  quartzyte  range,  underlying  the 
cupiferous,  as  developed  at  Grand  Portage  and  along  the  boundary 
line,  but  here  more  metamorphosed. 

678.  is  a  dark  (pyroxenic  ?)  rock,  with  no  apparent  feldspar.  Frag- 
ments of  a  rock  like  this  were  seen  on  the  top  of  Brul6  Mt  ,  evidently 
carried  there  by  the  drift  movements,  and  could  not  be  referred  to 
their  stratigraphic  position.     (V.  6S4  ) 

679.  Finely  porphyritic  with  red  feldspar,  the  ground  mass  being 
like  the  rock  No.  678. 

679A.     The  same  as  the  last,  with  gray  feldspar  crystals. 
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680.  A  fine-grained,  dark  rock  porphyroidally  sprinked  with  feld- 
spar of  a  flesh-red  color.  While  this  is  in  heavy  beds  in  the  stratifica- 
tion, it  has  a  fine,  rudely  basaltic,  disintegration,  due  to  a  structure  of 
short  joints  and  cross-planes,  mainly  perpendicular  to  the  dip,  by 
which  it  crumbles  out  so  rapidly  that  it  is  not  easy  to  get  a  fresh  frac- 
ture. It  is  one  of  the  shaly  sedimentarj'  parts  of  the  so-called  Ani- 
mikie  Group. 

Little  lake  is  1,199  feet  above  Lake  Superior,  and  about  200  feet  be- 
low the  surrounding  hills.  Little  Trout  lake  is  1,272  feet  above  Lake 
Superior,  being  the  highest  on  the  Iron  Trail  in  the  traverse  from  Lake 
Superior  to  the  boundary  line. 

The  hill  at  the  right  of  the  portage  from  Little  lake  to  Little  Trout 
lake  is  made  up  of  the  numbers  681,  682  and  683  is  downward  order, 
with  the  thickness  stated  below :  dip  20°  S.  E. 

681,  (seen  twenty  feet,  may  have  more  above.)  A  very  fine,  black 
rock,  approaching  aphanitic  slate. 

6S2,  (85  feet  )  Pori)hyry,  both  with  red  and  with  gray  feldspar 
crystals.  This  is  a  part  of  the  great  formation  lying  below  the  cupri- 
ferous, already  mentioned,  and  is  in  beds  of  an  inch,  where  weathered, 
or  in  heavy  layers  of  five  or  six  feet.  The  ground  mass  seems  to  be 
the  rock  No.  678.  The  red  color  seems  to  come  from  weathering,  the 
original  color  being  gray.  This  is  shown  in  one  of  the  small  samples. 
It  has  free  quartz. 

683.  (20  feet;  there  is  a  talus  below  of  fifty  feet  in  which  the  rock 
is  unknown.)  A  fine-grained  heavy  dark  rock,  apparently  consisting 
of  triclinic  feldspar  and  diallage  with  a  little  uralite  and  magnetite. 

684.  Further  north  is  a  layer  of  four  feet  of  a  fine  black  rock,  evi- 
dently crystalline,  somewhat  like  No.  678  or  683,  included  between 
some  of  the  beds  of  the  foregoing  porphyry,  near  the  bottom  of  the 
6ame. 

From  Little  Trout  lake  to  Misquah  lake  is  a  descent  of  fifteen  feet. 

685.  Reddish-brown  rock  weathering  red,  with  red  fteldspar  crys- 
tals. This  rock  makes  the  Misquah  Hills  in  the  S.  W,  part  of  T.  64, 
1  W.  It  is  rudely  and  coarsely  basaltic,  the  columns  being  perpen- 
dicular to  a  S.  or  S.  E.  dip.  This  number  is  from  near  the  trail  about 
a  mile  south  of  Misquah  lake,  near  the  town  line  between  63  and  64, 
on  Sec.  32,  where  a  thickness  of  fifty  feet  can  be  seen.  It  is  bedded  as 
well  as  basaltic,  and  in  weathering  sometimes  shows  laminae  of  one- 
fourth  and  one-half  inch.  It  is  undistinguishable  from  the  rock  fre- 
quently called  red  granite  in  these  descriptions,  but  its  geographical 
position  seems  to  place  it  in  a  lower  horizon.     There  may,  however, 
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be  several  faulted  upheavals  of  the  same  horizon,  so  that  in  i^oin^ 
north  one  does  not  invariably  j)a8s  on  to  lower  beds,  but  sometimes 
from  lower  to  higher. 

Misquah  lake*  is  flanked  on  the  N.E.  and  E.  by  high  brick-red  hills. 
Some  of  them  being  500  or  600  feet  high.  The  trees,  being  nearly  all 
fire-killed,  and  even  consumed,  allow  a  |>erfect  view  of  the  rock.  It  is 
the  same  as  685. 

6^6.  **Red  graiiite''  from  the  east  of  Misquah  lake.  Sec.  82,  T.  64, 
1  W.  This  rock  is  basaltified  and  massive,  rising  in  mountain-like 
masses.     It  dips  at  a  high  angle  toward  the  east. 

687.  The  same  rock  as  the  last,  brecciated  or  scorifie<l,  though  still 
weathering  brick-red. 

These  mountains  are  mainly  to  the  east  of  the  trail  and  so  far  as 
can  be  seen  they  are  formed  wholly  of  this  red  rock 

There  is  much  drift  in  the  form  of  large  boulders  along  the  lake  ward 
side  of  these  red  hills,  particularly  near  the  lake  where  the  trail  goes. 
These  large  pieces  are  of  dioryte,  often  magnetited,  and  porphyry  like 
No.  682,  or  dark  rock  like  681,  with  many  pieces  of  siliceous  slate  and 
gray  quartzyte. 

688.  The  character  of  the  rock,  and  of  the  country,  changes  at 
once  on  entering  Cross  lake,  which  is  thirty  feet  below  Misquah  lake. 
The  rock  when  first  seen  is  at  the  right  of  the  entrance,  and  is  mixed 
and  irregular  in  structure,  as  if  it  had  been  a  conglomerate  originally. 
In  general  it  is  porphyritic  with  gray  feldspar  and  has  a  little  cpiartz, 
but  the  ground-mass,  which  seems  to  be  the  rock  No,  678,  varies 
greatly  in  its  prevalence  over  the  feldspar — also  the  size  of  the  feldspar 
crystals  varies.  Hence  the  outward  aspect  of  the  weathered  surface  is 
spotted  with  dark  and  light  colors,  the  feldspathic  parts  (and  i)articu- 
larly  the  coarser-grained)  becoming  white,  or  nearly  so,  the  rest  being 
darker,  or  with  fine  mixture  of  dark  and  light.  This  rock  has  a  basal, 
tic  structure,  and  a  very  heavy  bedding,  the  latter  dii)ping  south,  and 
the  basaltic  itructure  being  perpendicular  to  the  dip.  (V.  701  and  702.) 

Cross  lake  is  a  large  lake,  expanding  in  finger-shai)ed  elongjitions 
east,  west  and  southwest,  and  having  several  rock  islands,  as  well  as 
north  and  south.  This  lake  and  Misquah  lake  are  tributary  to  the 
North  Brul^  river.  The  shores  and  the  islands  of  Cross  lake  are  low, 
made  of  the  next  numbered  rock. 

689.  Similar  to  No.  688,  but  more  uniform  in  structure.  Evidently 
a  gray  dioryte,  from  the  same  formation  as  that,  and  much  like  the 
rock  682. 

*Sn  called  from  the  '  hippewa  word  meaning  red,  in  aUusiou  to  the  red  wal's  l»y  which  it  ia  eneloMcl 
along  ita  enat  t>horefi. 
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The  lake  through  which  the  North  Brul6  flows,  next  north  of  Cross 
lake,  is  surrounded  by  a  similar  low  country,  and  has  the  same  rock  as 
No.  689.  This  also  has  many  arms  and  bays  running  west,  and  from 
one  of  them  is  a  canoe  trail  and  portage  to  **Brul6  river  lake,''  which 
gives  source  to  the  South  Brul6  and  to  Temperance  rivers. 

Cariboo  lake  is  1,238  feet  above  Lake  Superior,  and  twenty -two  feet 
higher  than  North  Brul6  lake.  Its  shores  are  low,  mainly  of  bare  rock 
like  6S9,  which  however,  rises  in  some  places  from  ten  to  fifteen  feet. 
The  timber  is  fire-killed,  or  consists  of  a  second  growth  of  small  trees 
ten  to  twenty  feet  high.  Between  this  and  Poplar  lake  is  Little  lake, 
three  feet  higher  than  Cariboo  lake. 

690.  Near  Little  lake,  at  the  north  end  of  the  portage,  is  a  bare 
dome  of  rock,  rising  in  the  swamp  about  twenty  feet,  represented  by 
tins  number.  It  is  dark -colored  j,  hard  and  fine-grained.  It  is  not 
bedded,  nor  visibly  basaltic,  but  all  over  the  rounded  exterior  are 
polygonal  spaces,  marked  out  and  included  by  bands  of  harder  rock 
that  rise  as  low  ridges  above  the  surface,  fitting  exactly  to  each  other. 
This  rock  under  the  microscope  shows  its  igneous  origin  by  its  com- 
position which  is  plagioclase,  augite  and  magnetite.  It  also  seems  to 
hold  an  occasional  grain  of  quartz. 

^1.  Gabbro,  consisting  of  plagioclase  (assumed  to  be  labradorite), 
diallage  and  magnetite;  related  to  the  last.  This  is  a  sample  of  the 
usual  "trap"  of  the  country.  It  weathers  light,  and  is  in  that  way  in 
marked  contrast  with  the  last,  though  that  difierence  seems  to  be  due 
solely  to  the  greater  proportionate  amount  of  feldspar  in  this,  and  of 
augite  in  that.  This  occurs  in  patches  on  and  in  the  last,  and  es- 
pecially on  the  north  side.  It  also  seems  to  cross  and  cut  it  in  vanish, 
ing  veins. 

692.  Gabbro,  like  the  last;  this  forms  a  series  of  bluffs  along  the 
south  shore  of  Little  lake,  of  about  the  same  hight  and  form  as  the 
la.<5t  described,  but  the  rock  is  rather  finer-grained  than  much  of  the 
trap  of  the  country- .  This  makes  a  low  hill-range  along  the  south  side 
of  the  lake. 

Poplar  lake  is  1,221  feet  above  Lake  Superior.  The  rock  the  whole 
length  of  Poplar  lake  is  the  same  as  692. 

693.  Gabbro;  from  the  west  end  of  Poplar  lake,  where  the  portage 
trail  leaves  it  going  to  Duck  lake.  It  rises  about  twenty  feet  above 
the  water  all  about,  in  undulating  domes,  rounded  as  by  glaciation, 
though  no  glacial  marks  can  be  seen.  The  Country  is  burnt;  a  few 
foreign  boulders  are  strewn  over  the  bare  rock  surfaces. 

Duck  lake,  b}-  aneroid,  is  found  to  be  1,244  feet  above  Lake  Superior, 
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and  Portage  lake  1,234  feet.  Where  the  trail  reaches  Portage  lake  is 
a  low  upheaval  of  rock  like  Xo.  693.  The  countr}-  generally  is  made 
of  this  rock,  nearly  bare.  It  contains  in  some  places  considerable 
magnetite.     Mayhew  lake  is  1,213  feet  above  Lake  Sui)erior. 

The  same  rock  as  693,  or  some  slight  variation  from  it,  continues  to 
the  entrance  on  Mayhew  lake  (or  Iron  lake),  with  increasing  fre- 
quency of  drift  pieces  of  flinty  quartzyte  and  slaty  quartzyte.  The 
trap  is  more  magnetited  in  places,  but,  except  in  that  particular  no 
change  can  be  seen. 

694.  Gabbro,  with  much  magnetite;  a  little  east  of  the  section 
line,  between  sections  32  and  33,  on  the  south  nhore  of  Mayhew  lake 
(or  Iron  lake.)  The  rock  here  is  in  even  and  ccmtinuous  beds,  that 
dip  regularly  to  the  south,  like  the  quartzyte  and  trap  of  the  country*, 
undulating  a  little  up  and  down.  This  is  seen  in  many  places.  It 
occurs  also  on  the  south  shore  of  Portage  lake.  The  beds  varj*  from 
four  inches  to  twelve  inches  in  thickness,  and  show  weather-strij)es  on 
the  exterior,  due  to  varying  composition,  something  like  a  sedimentary" 
rock.  (V.  No.  814.)  They  suggest  the  querj-  whether  this  trap  may 
not  be  due  to  a  change,  in  /oro,  of  the  early  sedimentary  rocks.  The 
great  extent,  the  constant  dip,  and  this  regularity  of  bedding,  and  its 
thinness,  all  coincide  to  point  to  that  as  its  origin,  rather  than  to  the 
overflow  of  molten  matter  over  so  extensive  a  region.  The  mineral 
composition,  however,  is  constant,  and  allies  it  to  the  igneous  rocks 
of  the  "gabbro  range'*  which  graduate  into  the  trap  rocks  of  the  Cu- 
priferous. It  seems,  however,  that  there  was  a  vast  outflow  of  igneous 
rock  in  the  midst  of  the  era  of  the  quartzyte  and  slate  group,  produc- 
ing this  area  of  the  "gabbro  range,"  and  separating  the  lower  portion 
from  the  eras  of  the  porphyries,  and  the  red  shale  and  red  sandstone 
which  are  characteristic  of  the  cupriferous  formation  proper.  There 
are  some  reasons  for  believing  that  this  great  igneous  outflow  entered 
the  sedimentaries  as  "laccolites'*  in  many  places,  and  thus  tilted  and 
modified  the  overlying  beds,  instead  of  being  produced  prior  to  their 
deposition. 

695.  Magnetic  ore,  S.  E.  i  Sec.  36,  T.  65,  R.  3  W.  on  the  north 
shore  of  Mayhew  lake  (also  known  as  Iron  lake.)  This  rock  is  a  con- 
dition of  the  trap  of  the  country,  and  is  almost  entirely  made  up  of 
magnetite.  A  careful  study  of  this  location  warrants  the  following 
generalized  statements : 

(1st.)    The  ore  is  in  the  igneous  rock. 

(2nd.)  It  varies  in  quality  very  much,  even  passing  into  rock  that 
cannot  be  styled  iron  ore. 
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(Srd.^i     It  involves  with  itself  nodules  of  coarse  gabbro  containiug 
considerable  magnetite. 

696.  Sample  of  this  nodular  or  concretionary  rock  embraced  in  the 
iron  ore, 

(4th.)  It  also  embraces  isolated  pieces  of  gray  quartzyte  (appar- 
ently), but  which  in  thin  section  are  seen  to  consist  of  plagioclase, 
magnetite  and  augite;  and  some  dark,  crystalline,  micaceous  nodules. 

697.  Samples  of  the  dark  and  micaceous  nodules.  These  dark 
masses  embrace  dark  labradorite  (?)  biotite,  haematite,  with  viridite. 

698.  Samples  of  what  appears  like  a  granular,  gray  quartzyte,  but 
which  really  consists  of  the  minerals  that  go  to  make  gabbro.  This  is 
distributed  through  695  in  rounded  lumps  like  some  masses  of  No.  696. 
Some  masses  of  No.  698  are  very  large,  where  they  occur  on  the  north 
side  of  the  swamp. 

(5th.)  It  dips  toward  the  south  in  beds  whose  aggregate  thickness 
13  at  least  fifty  feet,  but  may  be  seventy -five  feet,  the  actual  amount 
being  hid  by  a  swamp. 

(6th.)  It  involves  also  detached  masses  of  coarsely  crystalline 
gabbro  nearly  free  from  magnetite,  but  containing  biotite. 

(7th.)  It  sometimes  gives  place  to  a  coarse  trap  of  the  same  kind 
which  is  so  large  in  amount  as  to  constitute  the  rock  of  the  place,  and 
its  connection  with  the  ore  cannot  be  seen. 

699.  Samples  of  this  coarse,  micaceous  trap. 

(8th.)  It  lies  on  a  fine-grained  rock  like  No.  698,  which  is  a  fine 
gabbro  with  chrysolite,  resembling  a  fine,  granular,  gray  quartzyte. 
This  rock  dips,  so  far  as  any  dip  is  discoverable  toward  the  north,  and 
it  seems  to  have  furnished  the  rounded  masses  of  No.  698  embraced  in 
the  iron  ore.  The  northward  dip  is  due  to  a  deceptiye  appearance  of 
€olamns  of  basalt. 

7(X>.  Samples  of  this  fine  chrysolitic  gabbro.  This  rock  much  re- 
^mbles  the  chryrolite  basalt  No.  677. 

(9th.)     In  seams  and  gashes  in  No.  698,  the  rock  No.  699  is  also 

fovnd. 

(10th.)  The  iron  in  considerable,  but  unknown  quantity,  is  of  fine 
quality,  being  seen  in  other  places  besides  this  described.* 

West  from  this  iron  location,  after  passing  the  little  bay  running 
E.  N.  E.  the  north  shore  of  the  lake  is  made  up  of  No.  699,  which  ap- 
pears massive,  weathers  lighter  than  the  trap  usual  in  the  country,  and 

•Tiito  iron  ore  coiMtltiite«  frbat  !•  loctlly  known  «•  the  '^Mtyhew  Iron  R«nge/>  and  is  found  In  a  belt 
eboet  t  mile  wide  on  both  aides  of  Iron  Imke.  and  on  the  tenth  side  of  Portage  lake,  and  between  Port- 
«ce  and  Poplar  lakes.  An  analysis  reported  by  Mr.  Hanse,  performed  by  R.  8.  Robertson  of  Pittsburfr, 
nu  csTe  the  following  rasolt:  Silica.  2  02;  Alamina,  8.68;  Titanlnm,  18.09;  Sesqni  Chromiam,  8.40; 
Msff.  ox.  Iron,  80.7^  Ume,  trace,  phos.  acid,  0.03. 

6 
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appears  like  the  **Rice  Point  Granite.'*  It  is  hard  and  firm,  and  rises 
in  domes  which  rarely  show  any  dip.  At  one-fourth  mile  west  of  the 
little  bay  it  is  broken  by  the  lake  and  ice  in  winter  and  over  a  small 
area  shows  both  a  horizontal  jointage,  and  one  which  has  more  the 
characters  of  dip  to  the  N.  45  degrees — the  latter  having  the  planes  of 
separation  at  varying  intervals  of  six  to  eighteen  inches,  and  marked 
also  by  a  lighter  weathering,  or  by  a  pinkish  stain  in  the  feldspar. 
This,  however,  may  be  the  remains  of  a  former  basaltic  structure. 

701.  The  rock  last  mentioned,  resembling  the  "Rice  Point  Granite." 
It  consists  largely  of  a  gray  feldspar,  is  firm  and  massive  and  rounded. 
It  also  has  diallage  and  magnetite,  with  occasional  scales  of  biotite. 

702  is  embraced  in  pockets  and  lumps  in  No.  701.  It  is  the  same 
rock,  but  with  much  coarser  crystals,  and  a  larger  per  cent,  of  diallage 
(V.  No.  688  and  No.  1  D.). 

703.  Sample  of  iron  ore  at  the  east  end  of  Pewabic  Island  contain- 
ing all  the  ingredients  of  the  rock,  even  mica.  There  are  three  or 
four  other  islands  in  the  west  end  of  Iron  Lake.  The  iron  here  is 
plainly  embraced  in  the  rock  701,  which  is  also  the  same  as  No.  696; 
which  is  the  same  as  the  rock  styled  trap  or  gabbro  all  the  way 
from  the  south  side  of  Little  Lakie.  This  rock  of  course  has  variations 
which  account  for  its  different  aspects,  but  in  all  these  it  does  not  de- 
part from  the  accepted  characteristics  of  an  igneous  rock.  Its  varia- 
tions are  included  within  the  range  of  mineral  associations  possible, 
by  relative  changes,  in  plagioclase  (probably  labradorite),  chrysolite, 
augite,  magnetite  and  it  has  as  accessories  biotite,  haematite  and  a 
green  mineral  that  may  be  derived  from  a  decomposition  of  the  augite, 
which  is  also  frequently  in  the  condition  of  diallage. 

About  a  mile  west  of  the  end  of  Mayhew  Lake,  on  the  town  line,  i& 
an  isolated  knob  of  the  same  kind  of  iron  ore,  in  low  ground,  "30  link* 
wide,  all  solid  iron,"  so  reported  by  Paul  Morrison. 

704.  South  of  the  little  island  crossed  by  the  E.  and  W.  town  line,, 
in  Mayhew  Lake,  the  rock  is  highly  magnetited.  It  is  also  micaceous^ 
It  has  plainly  a  dip  to  the  south  of  about  25°.  The  jointage  here  is 
also  somewhat  like  the  apparent  dip  seen  on  the  north  shore  four  milea 
west  of  the  little  bay.  A  similar  deceptive  jointage  resembling  a  N. 
dip  is  to  be  seen  at  the  portage  to  Loon  Lake,  the  general  dip  being 
to  the  south. 

705.  Appears  like  a  metamorphic  rock,  bedded  and  dipping  north 
about  45°  at  a  point  a  little  back  (N.)  from  the  shore,  a  short  distance 
west  of  Mayhew's  location,  which  underlies  the  iron-bearing  rock,  and 
the  iron  ore,  and  has  been  styled  changed  quartzyte.    It  really  is  a. 
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crystalline,  fine-grained  rock  which  has  hornblende  changed  to  viri- 
dite,  feldspar  and  magnetite,  and  its  apparent  northward  dip  is  due  to 
a  fine  basaltic  jointage  perpendicular  to  the  true  dip,  which  is  about 
the  same  in  degree  toward  the  south  (V.  No.  700).  No.  705  has  a 
visible  thickness  of  10  feet,  and  the  overlying  iron  rock  has  a  thick- 
ness of  about  20  feet. 

706.  Through  the  iron-rock  at  the  location  705  run  seams,  three  to 
six  inches  in  thickness,  of  pinkish  rock  consisting  of  quartz,  or- 
thoclase  and  hornblende,  in  rather  fine  grains.  These  seams  and  veins 
are  parallel  with  the  basaltic  jointage  of  the  rock  No.  705.  Some- 
times a  pinkish  shade  of  color  runs  into  the  trap,  accompanied  by 
quartz.  These  pinkish  l^eds  and  seams,  which  simulate  planes  of  bed- 
ding are  probably  due  to  contact  with  the  underlying  formation  and 
nfusion  from  it. 

7j7.  In  some  places  in  the  trap,  where  one  of  these  red  seams  passes 
through  it,  the  hornblende  which  accompanies  the  red  rock,  greatly 
predominates,  or  is  very  coarse,  and  sometimes  is  fibrous  and  radiat- 
ing, coating  the  walls  of  the  seam.  In  such  places  mica  also  can  be 
seen,  and  also,  mixed  with  the  fibrous  hornblende,  occasionally  a  crys- 
tal of  quartz. 

Nearly  everywhere  about  the  shores  of  Mayhew  Lake  the  rock  is 
trap,  or  gabbro,  but  generally  with  more  magetite  than  usual. 

708.  On  the  portage  north  from  Mayhew  Lake  to  Loon  Lake,  the 
rock  No.  705  first  appears,  with  a  southerly  dip.  Then,  after  a  low 
space  another  ridge  succeeds,  showing  the  rock  No.708,  similar,  if  not 
identical  with  No.  7i)5.  This  belongs  to  the  great  quartzyte  and  slate 
formation,  or  the  **Animiki  group."  From  the  top  of  this  ridge  the 
descent  to  Loon  Lake  is  sudden,  and  amounts  to  150  or  175  feet. 

7(»9.  This  is  a  range  of  high  hills  along  the  south  side  of  Loon  Lake, 
and  between  the  bay  .and  the  lake,  the  top  of  which  are  made  up  of 
rock  of  this  sample,  which  is  like  No.  708,  having  a  thickness  of  80  to 
90  feet.  This  has  the  outward  aspect  of  trap  and  perhaps  has  been 
designated  trap  in  former  instances,  but  it  is  to  be  distinguished  from 
the  igneous  rock  that  has  been  described.  Under  the  microscope  in 
thin-section  it  consists  of  a  triclinic  feldspar,  and  some  orthoclase, 
changed  (or  viriditic;  hornblende,  magnetite,  and  a  small  amount  of 
quartz — a  kind  of  dioryte.  Its  affinities  with  the  great  quartzyte  and 
slate  formation  are  evident,  and  it  seems  to  have  resulted  from  a  met- 
amorphism  of  the  upper  part  of  that  formation.  It  is  that  which  un- 
derlies the  iron-bearing  trap  of  Mayhew  Lake.  It  is  in  heavy  layers  4 
to  10  feet  thick,  and  has  a  coarse,  perpendicular  jointage  that  makes  it 
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appear  basaltic.  It  stands  in  perpendicular  escarpment  facing  north 
and  west,  making  the  tops  of  the  highest  hills.  It  probably  has  not 
everywhere  been  kept  distinct  from  the  true  igneous  rock  or  gabbro 
which  constitutes  a  heavy  stratum  lying  over  it.  (V.  under  No.  300.) 
This  is  taken  from  the  hill  near  the  base  of  the  point  separating  the 
bay  from  Loon  Lake. 

710.  Dark^  homogeneous,  finely  crystalline,  heavy  rock  like  No. 
684,  underlying  No.  709  in  the  same  bluff,  5  to  10  feet  in  thickness. 
This  is  in  beds  6  to  10  inches  thick. 

711  and  712.  The  rest  of  this  hill  is  made  up  of  alternations  of  these 
rocks,  altogether  making  a  thickness  of  100  to  125  feet,  down  to  the 
level  of  Loon  Lake.  The  former  constitutes  about  nine-tenths  of  the 
whole.  It  is  black,  and  grayish-black,  in  beds  from  4  to  40  inches, 
very  fine-grained,  sub-crj'stalline,  with  a  felted  polarization,  having 
a  conchoidal  structure.  The  latter  is  of  the  same  color  but  more 
coarsely  granular,  is  in  beds  of  1  to  3  inches,  and  is  slaty  in  the  direc- 
tion of  the  dip,  which  is  S.  and  10°  to  15°  in  amount,  but  in  other 
places  the  dip  amounts  to  20  degrees.  This  hill  is  only  one  of  a  series 
of  northward-facing  bluffs  which  extend  from  some  point  in  Canada 
as  far  west  at  least  as  the  west  end  of  Gunflint  Lake,  and  produce  a 
sudden  shoulder  in  the  surface  contour.  The  actual  highest  divide,  or 
Menabi  is  usually  a  few  miles  further  south,  and  is  apt  to  consist  of  the 
gabbro  rock.  While  there  is  a  sudden  descent  northward  Irom  the 
face  of  these  bluffs,  amounting  to  300  or  500  feet,  the  general  level 
toward  the  south  ascends  to  the  top  of  the  Mesabi,  though  sometimes 
there  are  two  or  three  interrupted  lines  of  similar  northward-facing 
hills  before  the  Mesabi  is  reached. 

The  country  along  the  north  of  Tucker  Lake  is  low,  and  occupied 
with  magnetited  trap,  and  this  character  continues  south  west  wardly 
some  five  or  six  miles  further. 

713.  From  the  north  shore  of  Tucker  Lake,  a  magnetited  gabbro, 
embracing  also  masses  of  rock  like  No.  702. 

On  the  south  side  of  Tucker  Lake  is  a  long  range  of  hills  rising 
about  100  feet,  constituting  the  red  Mesabi,  though  the  whole  tract 
between  Tucker  and  Loon  Lakes  is  also  on  the  height  of  land  for  this 
region. 

714.  Gabbro  from  the  hill  range  south  of  Tucker  Lake,  in  the  N. 
part  of  Sec.  10,  T.  64,  3  W. ;  being  the  Mesabi  in  this  part  of  the 
State.  This  is  the  same  rock  already  described  as  constituting  the 
low  shores  of  Poplar  and  Iron  Lakes  (Nos.  693,  694  and  701).  Be- 
tween this  hill  range  and  Tucker  Lake  are  several  lower  ridges  of  trap 
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rock.     South  from  Iron  Lake  the  "red  rock"  begins  again  in  about  six 

niiles,  according  to  Paul  Morrison. 

Duck  Lake  is  1,244  feet  above  Lake  Superior.  Poplar  Lake,  which 
i«  large  and  long  E.  and  W.,  has  numerous  islands,  resembling  Suga- 
naga,  except  that  here  they  are  of  diroyte  and  gabbro  instead  of  gran- 
ite 

715.  From  an  island  in  Poplar  Lake,  near  the  portage  coming  from 
Little  Lake.     The  usual  rock  about  Poplar  Lake. 

Hungry  Jack  Lake  is  1,069  feet  above  Lake  Superior  by  this  series 
of  aneroid  connections.  Last  year  this  lake  was  ascertained  to  be 
1,200  feet  above  Lake  Superior  by  series  of  observations  from  Grand 
Portage,  making  a  disagreement  of  131  feet  (see  the  ninth  annual  re- 
port, p.  78,  where  this  lake  is  distinguished  as  a  **lake  south  of  Birch 
Lake";.  If  this  is  all  due  to  erroneous  observations  of  the  Iron  trail 
south  from  Grand  Marais,  the  elevations  given  along  that  route  should 
be  increased  somewhat.  The  error  is  more  likely  to  be  in  that  route 
than  in  the  boundary  line  route.* 

716.  Trap-rock,  from  the  top  of  the  "stair  portage'*  which  connects 
Duncan's  Lake  with  Mud  Lake.  This  forms  a  high  basaltic  bluff  fac- 
ing north,  a  little  west  of  the  portage. 

717.  Trap-rock  from  the  north  side  of  South  Lake,  opposite  the 
town  line  between  ranges  1  and  2  west.  The  north  shore  of  this  lake 
is  low,  and  glaciated  S.  W.  sind  N.  E.,  and  the  south  shore  rises  into 
high  hills  containing,  presumably,  the  rock  No.  716,  at  the  top. 

718.  Fine  trap-rock,  south  side  of  Gunflint  river,  a  little  east  of  the 
location  of  No.  305  last  year.  This  runs  obliquely  down  to  the  river, 
and  under  the  water,  in  angular  basaltic  blocks  like  trap,  presenting  a 
face  rback  in  the  woods)  toward  the  north  much  the  same  as  the  high- 
est bluff's  of  the  country. 

^Bfr.  E.  Le  M.  Hoare  carried  a  Reries  of  aneroid  elevations  from  Grand  Maraie  to  Iron  Lake  for  rail- 
road parposes,  and  found  the  highest  point  on  the  line  to  be  1.190  feet.  His  route  Is  shown  on  Plate  H. 
nh  beicbl  was  reached  in  S.  W.  X  Sec.  36.  T.  03,  north  of  the  Twin  Lakes  From  that  point  there  Is 
a  very  fsientle,  undulating  descent  to  Iron  Lake,  alone  his  route,  which  M-as  found  to  be  about  1,176  feet 
abore  Lake  Superior,  or  38  feet  lower  than  by  the  ooservations  of  the  geological  survey-  His  oroflle 
sixnrs  a  nearly  level  grade  from  the  highest  point  southward  to  a  point  about  a  mile  and  a  hair  north 
of  the  Devil^s  Track  river,  where  a  descent  begins.  The  crossing  or  the  Devil's  Track  river  is  1,016  feet 
sbove  Lake  Superior.  For  the  next  two  miles  and  a  half  the  descent  is  160  feet  per  mile.  Between  two 
and  a  half  and  lour  and  a  quurter  miles  from  Lake  Superior  the  grade  is  165  feet  per  mile,  and  below 
ibat  it  is  117  feet  per  mile.  The  crowing  of  the  South  i  ranch  of  the  DeviPa  Track  river  is  965  feet  above 
Like^perior  By  spirit-1eA-el  and  rod  a  point  wna  fixed  on  the  S.  E.  ^  Sec.  13,  T.  61  N.,  ut  the  cross- 
isgof  the  creek,  which  hsd  an  elevation  of  1,080  feet,  and  by  the  same  means  Devil's  Track  Lake  was 
fovad  to  be  1,02)  feet,  or  39  feet  lower  than  by  the  ob»ervntions  of  the  geological  survey.  Mr.  Hoare 
stotes  that  namerous  magnetite  boulders  are  scattered  over  the  country  between  Grand  Marais  and 
Inw  Lake  which  produce  marked  Kical  disturbances  of  the  needle,  and  that  there  is  evidently  a  deposit 
of  iron  ore  at  some  point  between  Sec  6,  61, 1  E.,  and  Devil's  Track  Lake.  From  several  assays  Mr. 
Hoan  Ktates  that  lie  ascertained  the  iron  and  titanium  together  in  the  ore  ft'om  Iron  Lake  to  be  pretty 
■early  Diiif<»in  tbronipfaoot.  but  that  the  titanium  varied  from  tt  to  13  percent.,  displacing  about  the 
ssjDS  percentm^e  of  iron.  The  ore  is  in  enormous  quautiti*  s.  In  one  place  laid  bare  so  that  he  crossed 
over  It  30  paceii.  Another  deposit  of  magnetic  Iron  was  assayed  by  him,  located  '*close  to  Poplar  river 
Ma4  near  Lake  Sapcriur,*'  which  produced  38  p.  c  iron,  1.53  p.  c.  manganese,  and  .06  of  phosphorus 
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719.  Trap-rock,  having  a  jointed,  or  basaltic  structure,  from  the 
easterly  of  the  two  points  that  enclose  the  little  bay  on  the  south  side 
of  Qunflint  Lake  into  which  the  portage  conies  from  Loon  Lake.  This 
point  rises  about  75  feet.  The  top,  represented  by  this  rock,  contain- 
ing augite,  plagioclase,  magnetite  and  a  little  hornblende  and  quartz, 
is  of  the  rock  that  usually  forms  the  tops  of  the  high  mono-clinals  of 
the  country — a  dioryte  trap,  perhaps  a  metamorj)hic  condition  of  the 
beds  of  the  great  quartzyte  and  slate  formation.  It  faces  the  lake 
and  has  a  high  talus  of  fallen  blocks. 

720.  The  rock  of  the  westerly  of  these  points,  almost  identical  with 
No  7l8,  essentially  the  same  rock  as  719,  presenting  a  walled  face  to- 
ward the  north,  much  jointed,  or  finely  basaltic,  rather  finely  crystal- 
line, but  rising  but  10  feet  above  the  lake.  Thus  it  appears  to  make 
no  diflFerence  at  what  horizon  samples  are  taken  from  the  *'quartzyte" 
formation,  if  they  only  come  from  the  top  heds  at  the  place  they  are 
obtained.  They  are  always  "changed  quartzyte,**  or  trap,  so-called. 
Slate  can  be  got  only  at  a  depth  of  75  to  100  feet  below  the  top.  It 
seems  as  if  any  and  all  the  beds  are  subject  to  this  metamoqjhism 
when  they  happen  to  be  superficial,  unless  these  be  unknown  and  un- 
suspected irregularities  in  the  stratification.  Hence,  even  at  the  very 
northern  edge  of  the  area  covered  by  these  mono-clinals,  the  changed 
rock,  or  trap,  whichever  it  be,  lies  within  a  few  rods  of,  and  nearly  on 
the  same  level  as  the  talcose  slate  and  syenite,  as  along  Gunflint  river. 

721.  A  careful  section  of  the  hill  was  taken,  lying  a  little  east  of 
the  portage  trail  from  Gunflint  Lake  to  Loon  Lake,  on  Sec.  26,  T.  65, 
3  W.,  for  the  purpose  of  ascertaining  what  relation  might  exist  be- 
tween the  basaltic  beds  which  always  lie  on  the  tops  of  these  hills  and 
the  slaty  layers  that  compose  them  toward  the  bottom,  with  the  fol- 
lowing result :  No.  721,  forming  the  top  of  the  hill  is  75  feet  thick, 
and  like  numerous  other  samples  already  noted,  viz.,  Nos.  308,  705, 
70^,  709,  719  and  720.     The  hill  is  250  feet  high. 

722.  Obtained  about  half  way  down  the  perpendicular  portion  of 
the  bluflF.  The  same  as  the  last,  but  finer-grained.  It  has  also  a 
darker  color.  It  embraces  apparently  triclinic  feldspar,  magnetite, 
orthoclase,  viridite  and  a  little  quartz.  It  also  shows  an  occasional 
grain  of  pyrite  and  of  dichroic  hornblende. 

723.  A  dark,  or  gray,  homogeneous  rock,  in  general  character  sim- 
ilar to  the  last,  though  of  a  finer  grain,  resembling  very  much  the 
rock  No.  683.  It  has  pyrite,  and  much  of  the  magnetite  is  arranged 
in  branching,  foliage-like  tufts,  which  can  be  seen  in  a  thin  section, 
from  near  the  bottom  of  the  perpendicular  part. 
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724.  One  foot  lower  in  the  bluflF  than  the  last.  Undistinguishable 
from  the  last. 

726.  Six  inches  lower;  same  rock  but  finer.  This  is  hard,  fine, 
dark-colored. 

726.  A  foot  lower;  the  same  rock  but  finer,  and  tending  to  a  slati- 
ness. 

727.  Four  feet  lower;  slate,  fine,  black  or  nearly  black,  of  the  kind 
commonly  seen  in  these  bluflFs.  The  rest  of  the  bluff  is  much  hid  by 
talus,  but  so  far  as  can  be  determined  consists  of  rock  like  727.  A 
hundred  feet  lower,  and  but  a  short  distance  north  from  the  foot  of 
this  bluff  was  obtained  No.  720,  forming  the  top  of  a  lower  ridge  of 
rock. 

The  transition  from  the  basaltic  rock,  or'  trap,  forming  the  top  of 
this  hill  (No.  721)  to  the  slate  of  No.  727,  is  more  abrupt  than  on  the 
south  side  of  Loon  lake;  but  there  is  still  here  an  imperceptible  transi- 
tion. There  is  no  suddenness  about  the  change,  nor  break  in  the  bed- 
ding to  indicate  the  former  fluidity  of  the  top  of  the  hill.  The  change 
is  complete  in  the  space  of  four  feet — from  basaltic  columnar  structure 
to  perfect,  horizontal,  or  southward  dipping  slatiness.  If  the  basaltic 
portion  is  due  to  igneous  origin  there  was  such  a  transfusion  of  min- 
eral characters,  and  such  a  perfect  cementation  between  it  and  the 
slaty  portion  that  no  line  of  separation  where  the  igneous  portion  was 
superimposed  on  the  sedimentary,  can  be  designated. 

A  second  visit  was  made  to  the  locality  No.  312;  on  the  north  side 
of  Gunflint  lake,  where  the  flint  beds  appear  in  outcrop,  about  half  a 
mile  east  of  the  outlet  of  the  lake,  at  which  the  following  conclusions 
were  reached : 

1st.  The  rock  is  a  breccia  in  which  the  flint,  generally  black,  or 
dark  jasperoid,  api^ears  in  a  gray  rock  which  weathers  rusty,  in  angular 
pieces  of  all  sizes  up  to  two  feet,  or  even  makes  continuous  beds  more 
or  less  tilted  and  broken.  Sometimes  also  the  gray  rock  that  weathers 
to  a  rusty  color  on  the  beach  is  in  angular  pieces  or  patches  in  a  mass 
of  angular  pieces  of  non -rusty  gray  rock;  and  sometimes  the  two  al- 
ternate in  parallel  bands  as  if  so  deposited  as  sedimentary  beds  at  first. 

2nd.  The  formation,  as  it  is,  is  tilted  into  the  lake,  southward,  at 
an  angle  of  perhaps  ten  degrees,  on  an  average,  though  there  are 
places  where  the  dark  jasperoid  layers  seem  to  stand  nearly  vertical. 

3rd.     The  whole  formation  is  rudely  basaltified  in  small  columns. 

4th.  The  thickness  visible,  in  an  interrupted  series  of  outcrops, 
seems  to  be  about  twenty  feet. 

5th.     A  little  distance  further  west,  and  near  the  extremity  of  the 
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point  before  reaching  the  '^narrows,"  the  exposed  rock  is  slate  again, 
at  first  horizontal,  and  then  with  a  dip  of  eighteen  to  twentj'  degrees 
to  the  N.  E.  then  S.  again;  becoming  hid  by  trees  the  rock  termin- 
ates, and  the  point  too,  the  elevation  of  the  hill  being  forty  to  fifty 
feet. 

The  close  proximity  of  this  flint  and  jasper  locality  to  the  next  great 
underlying  formation  (syenites  and  slates)  makes  it  one  of  great  inter- 
est  to  the  geologist,  but  so  far  as  scrutinized,  as  yet  the  true  relation 
of  the  two  formations  are  not  revealed  by  anything  here  seen,  though 
there  seems  to  be  an  unconformability  between  them.  At  the  ''nar- 
rows*' is  basaltic?  trap  rising  in  characteristic  bluffs  and  striking  E. 
and  W.  with  a  face  toward  the  north. 

728.  Eock  of  the  island  in  Saganaga  lake  nearest  the  inlet  from 
Gunflint  lake,  on  the  south  side.  This  is  a  syenite  with  mica,  con- 
taining much  coarse  quartz.  The  feldspar  is  orthoclase,  of  which  the 
greater  portion  is  white,  but  some  of  it  is  flesh-colored.  It  is  a  beauti- 
ful, light-colored  syenite,  suitable  for  ornamental  purposes.  This  rock 
prevails  about  Saganaga  lake,  but  also  becomes  darker  by  an  increased 
amount  of  hornblende. 

729.  Syenite  from  "Cariboo  narrows*'  N.  E.  i  Sec.  19,  T.  66,  4  W, 
Gull  river  and  lake  may  be  ascended  by  course  to  near  the  S.  W.  cor,  * 

of  T.  66,  4,  without  portage,  by  passing  two  rapid  places.  Gull  lake 
is  thirty-nine  feet  above  Saganaga.  A  portage  is  necessary  at  the 
third  rapids.  Gull  lake  is  similar  to  Saganaga  in  having  numerous 
islands  based  on  a  light-colored  syenite. 

W.  Gull  lake,  which  is  united  by  a  short  rapid  stream  to  Gull  lake^ 
is  twelve  feet  higher,  and  is  filled  with  the  same  sort  of  rocky  islands, 

730.  Syenite  from  the  rapids  between  Gull  and  W.  Gull  lakes. 
Along  the  south  side  of  these  lakes,  distant  about  two  miles,  runs  a 

range  of  mountains  which  seems  to  be  a  continuation  of  that  running 
west  from  the  south  shore  of  Gunflint  lake,  marking  in  general  the 
northern  limit  of  the  slate  and  quartzyte  group. 

731.  The  rock  730  continues  to  form  the  islands  and  shores  of  W, 
Gull  lake  to  near  the  point  where  the  stream  from  Frog-rock  lake 
enters  it,  near  the  southwest  end,  where  the  rock  731  takes  its  place, 
rising  in  little  hills  of  very  similar  contour  and  size,  some  of  each  ris- 
ing 50  to  100  feet.  This  rock  is  very  tough,  greenish,  has  in  general  an 
imperfectly  schistose  or  fibrous  structure,  is  seamed  and  jointed  finely, 
some  of  the  seams  being  filled  with  a  fine-grained,  siliceous,  nearly 
white  rock,  or  pinkish  quartzyte,  which  is  faulted  frequently  by  other 
seams,  making  a  zigzag  network  of  joints  and  seams.     Some  of  these 
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seams  are  of  a  pinkish  color,  and  six  to  ten  inches  wide.  But  they  are 
themselves  broken  and  often  entirely  diffused  and  lost.  The  rock  is 
not  slaty,  but  separates  under  the  hammer  into  rude  rhombs.  It  is 
fine-grained.  (V.  Nos.  348,  355,  356,  358.)  This  rock  in  thin-section 
shows  a  matrix  which  is  homogeneous,  transparent,  penetrated  by  the 
other  minerals,  and  between  crossed  Nicols  has  a  neutral  color,  dark- 
ening on  rotation  of  the  stage,  with  the  quick  limpid  change  charac- 
teristic of  quartz,  but  not  having  its  brilliancy.  The  other  chief  min- 
eral is  green  fibrous  hornblende,  but  it  is  so  changed  that  it  is  rarely 
dichroic,  and  is  often  more  like  serpentine  than  hornblende  in  its  opti- 
cal characters.  There  are  also  a  few  grains  of  some  triclinic  feldspar. 
This  composition  seems  to  make  this  rock  an  amphibolyte.  In  land 
specimens  it  is  not  distinguishable  from  the  amphibolyte  of  Littleton, 
N.  H.* 

The  stratigraphic  relations  of  730  to  731  are  not  easy  to  make  out. 
Sometimes  they  liej  immediately  in  contact,  the  plane  of  separation 
being  perpendicular,  and  sometimes  they  are  in  separate  knolls,  or 
hills,  contiguous,  the  contact  of  which  below  the  soil  is  not  visible. 
In  general  the  hills^  composed  of  the  amphibolyte  are  higher  and 
rougher  than  those  of  the  syenite. 

732.  Light  pinkish  granulyte,  or  quartzyte,  embraced  in  veins  in 
No.  731. 

733.  Frog-rock  lake,  which  is  next  west  of  W.  Gull  lake,  is  so 
named  from  the  Chippewa  word  which  signifies  spofferf  or  greenish y 
from  the  appearance  of  the  rocks,  and  it  is  seventy -three  feet  above 
Saganaga.  The  mineral  which  gives  green  color  to  the  rocks  of  this 
region  appears  sometimes  in  thin  seams  or  in  coatings  on  opened 
seams,  as  shown  by  the  samples  of  this  number. 

734.  This  greenish  rock  in  some  places  is  very  fine  and  tough,  and 
also  porphyritic. 

735.  At  the  very  entrance  to  Frog-rock  Lake  is  a  hard,  massive, 
speckled  dioryte  that  forms  a  little  fall  where  the  water  goes  out  of  the 
lake  In  passing  the  portage,  white  quartz  is  seen  in  pockets  in  this 
rock  (731  and  734)  sometimes  having  perfect  crystalline  terminations. 

736.  From  an  island  in  Frog-rock  Lake,  about  half  a  mile  south- 
west from  its  outlet;  a  green  amphibolyte  ( ?). 

737.  A  talcose  or  chloritic  rock,  having  a  coarse  perpendicular 
schistose  structure,  from  the  rapids  between  Frog-rock  and  Town 
Line  Lakes,  northwest  from  Frog-rock  Lake.  This  is  conglomeritic, 
some  of  the  pebbles  being  six  inches  across  and  like  the  gray  amphi- 

*No  216,  or  the  "typical  rocks  or  New  Uampuhire/'  ur  Xo.  3,016  of  the  Museum  RegiHtcr. 
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bolyte  (No.  731).  There  is  in  it  also  considerable  pyrite.  The  peb- 
bles are  rounded,  and  are  intimately  connected  with  the  matrix.  There 
may  be  thirty  feet  of  this  here  visible,  includin  j(  that  below  the  water 
and  above.  There  seems  to  be  a  S.  dip  of  about  10  to  15  degrees.  The 
aspect  of  the  countr)'  changes  at  once  on  entering,  on  this  conglomer- 
ate. There  are  no  bald,  rocky  hills  to  be  seen  around  the  Town  Line 
Lake,  but  the  trees  grow  all  over  the  rock,  and  down  to  the  water. 
The  level  of  this  lake  is  83  feet  above  Saganaga,  and  King-fisher  Lake 
(or  Ogishki  Muncie)  is  ten  feet  higher.  The  rapids  connecting  them 
are  formed  by  the  same  rock  (737). 

738.  A  fine,  firm  conglomerate,  or  grit,  containing  considerable 
pyrite  which  changes  to  iron  oxide  near  the  surface  The  grains  are 
mainly  of  quartz,  as  well  as  of  flint  and  feldspar.  '  Some  of  the 
flint  is  black,  and  two  inches  across.  This  rock  recalls  the  6unJ9int 
beds.  It  seems  also  that  the  rock  737  is  a  part  of  the  same  conglom- 
erate as  738,  but  at  a  lower  stratigraphic  horizon.  It  hence  seems  as 
if  the  Gunflint  beds,  which  are  the  lowest  part  of  the  quartzyte  and 
slate  series  (the  lower  volcano  of  Logan)  pass  by  a  common  meta- 
morphism  through  the  perpendicular  slaty,  or  schistose  structure  into 
the  slates  of  the  Huronian — but  whether  at  first  coDformable  to  them 
or  not,  cannot  be  said  yet.  This  rock  (738)  does  not  continue  far  west 
of  where  it  appears,  which  is  near  the  N  E.  end  of  Ogishkie  Muncie 
Lake,  on  the  south  shore.  It  stops  at  the  first  narrows,  at  the  east 
end  of  the  lake  apparently  jogging  oflF  south  suddenly,  since  the  rock 
731  sets  in  in  full  force  on  the  south  side  of  the  lake  on  the  W.  of 
these  narrows,  and  continues  to  one-half  mile  west  of  the  section  line 
between  sections  13  and  24. 

739.  At  one-half  mile  W.  of  the  section  line;  somewhat  quartzyte, 
firm  and  resembling  738.  This  occurs  suddenly  in  No.  731,  and  it 
weathers  into  large  angular  blocks,  while  No.  731  is  apt  to  weather 
out  in  rough  schistose  fragments. 

Directly  across  the  lake,  on  the  north  shore  the  rock  738  can  be 
found  again  appearing  in  a  similar  manner  as  on  the  south  side,  /.  ^., 
in  a  blufi^  and  hill  near  the  lake,  but  731  appears  soon  on  the  south 
side,  and  with  sundry  variations  forms  the  south  coast  to  the  peninsula 
on  the  south  shore  crossed  by  the  line  between  Sees.  23  and  26  which  is 
made  up  of  the  quartzyte  and  slate,  having  a  dip  to  the  S.  S.  W.  of 
about  80  degrees.  The  slate  alternates  with  the  quartzyte  beds,  the 
former  being  in  layers  generally  of  two  to  three  inches,  and  the  latter 
in  beds  of  six  inches  to  two  or  three  feet.  There  is  in  the  slate,  which 
is  slaty  in  the  direction  of  the  true  bedding,  also  a  tendency  to  slati- 
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ness  E.  and  W.  perpendicularly,  so  that  the  beds  are  apt  to  separate, 
when  struck,  both  in  the  direction  of  the  true  bedding  and  along  the 
weathered  planes  of  the  E  and  W.  slatiness,  making  thin  lenticular 
wedges.  This  E.  and  W.  slatiness  is  not  visible  in  the  quartzyte.  The 
same  alternation  of  slaty  and  non-slaty  beds  is  to  be  seen  on  the  S. 
shore  of  Vermilion  Lake,  and  at  Thompson. 

740.  Slate  from  the  above. 

741.  Quartzyte  from  the  above.     This  is  much  like  No.  738. 

742.  Dyke-rock,  from  a  dyke  cutting  the  great  conglomerate  of 
Ogishkie  Muncie  Lake,  X.  W.  i  N.  E.  i  Sec.  26,  T.  65,  6  W.  Plagi- 
oclase,  magnetite,  chrysolite,  a  little  hornblende  (?),  a  little  quartz 
pierced  by  spicules  of  apatite  and  pyrite.  This  dyke  is  six  and  a  half 
feet  wide  and  runs  E.  10°  S.  It  crosses  a  little  peninsula,  and  on  both 
sides  disappears  below  the  water  of  the  lake.  It  is  a  dark,  heavy,  firm 
rock,  not  differing  from  numerous  others  seen  crossing  the  great  quartz- 
yte and  slate  formation. 

743.  Calcareous,  rusty  schist,  apparentlj'  talcose,  and  overlying  the 
next;  this  has  a  strong  resemblance  to  the  conglomerate  schist  No. 
737.  It  is  coarse,  and  seems  to  disintegrate  more  readily  than  any  of 
the  rocks  of  this  region.  It  is  in  the  lower  places.  It  has  no  evident 
dip,  or  bedding,  but  a  schistose  structure  running  E.  and  W.  perpen- 
dicular. 

746.  Associated  with  the  last  is  a  grayish  marble,  which  may  also 
contain  siderite.  They  are  in  the  N.  E.  i  N.  E.  i  Sec.  26,  T.  65,  6 
W.  The  marble  rises  in  an  inconspicuous  low  ridge,  in  a  valley.  It 
is  coarsely  jointed,  and  has  an  a|  parent  dip  toward  the  south  of  about 
10  degrees,  and  is  22  feet  thick. 

744.  From  the  great  conglomerate,  but  showing  one  of  the  indef- 
finite  conditions  of  the  same.  The  conglomeritic  character  is  hardly 
distinguishable  on  a  fresh  fracture  of  the  rock  which  sometimes  shows 
different  shades  of  green.  But  all  over  the  surface,  when  glaciated  and 
weathered,  are  visible  the  forms  of  rounded  boulders,  included  in  the 
rock,  the  different  colors  and  grain  of  the  boulders  being  brought  out 
plainly.  This  is  essentially  the  same  formation  as  the  rock  743  and 
737,  and  it  constitutes  by  far  the  greatest  part  of  the  country  rock 
about  Ogishkie  Muncie  Lake.  Wherein  the  rock  737  differs  from  738 
which  also  passes  into  744  by  the  accession  of  slaty  structure  and  then 
the  obliteration  or  modification  of  it  by  the  accession  of  bpuMers,  it 
may  be  ascribed  to  vanning  proximity  to  and  influence  of  the  under- 
lying **talcose"  rocks  in  the  process  of  deposition  and  metamorphism. 
The  rock  744  forms  the  little  island  in  the  central  narrows  of  Ogishkie 
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Muncie  Lake*,  near  the  peninsula  crossed  by  the  line  between  sectiuos 
23  and  26,  and  the  mainland  south  and  north.  On  the  island,  it  is  a 
real  conglomerate,  with  a  smoothly  glaciated  surface,  and  the  sections 
of  some  of  the  rounded  stones  are  a  foot  and  even  more  in  diameter. 
They  are  very  abundant.  Sometimes  the  rounded  stones  make  three- 
quarters  of  the  whole  rock,  but  in  other  cases  the  slaty  matrix  is  near- 
ly free  from  them,  over  considerable  areas.  The  general  surface  rises 
in  short,  zig-zag  ridges  which,  though  often  entirely  bare,  have  boul- 
ders and  a  thin  soil  of  clay  and  mgld  in  the  valleys  between  them,  so 
as  to  obscure  their  inter-relations.  In  these  valleys  are  a  multitude  of 
fallen,  half-burnt  trees,  among  which  are  growing  small  birches  and 
willows  (V.  after  752). 

There  is  a  sudden  change  in  the  direction  of  strike  of  the  rock  of  the 
country,  in  the  N.  E.  i  of  Sec.  26,  from  nearly  E.  and  W.,  to  N.  and 
S.  At  the  shore  on  the  peninsula  in  Sec.  23  it  is  the  same  as  the 
slates  generally  seen  in  the  Huronian,  in  this  part  of  the  State,  but 
after  passing  the  valley  in  which  are  the  calcareous  schist  and  the 
marble,  it  is  N.  and  S.  That  the  change  is  somewhat  sudden  is  shown 
by  the  fact  that  the  beds  running  N.  and  S.  are  seen  to  cease  abrupt- 
ly and  to  be  replaced  by  the  conglomerate  in  a  number  of  places.  The 
conglomerate  in  these  cases  is,  so  far  as  seen,  rather  finer  than  the 
average. 

746.  Slate  and  quartzyte,  from  the  rock  that  strikes  N.  and  S.  (as 
above),  showing  the  bedding  of  sedimentation,  the  tendency  to  E.  and 
W.  schistose  structure,  and  the  jointage  to  which  the  whole  is  subject- 

746.  (See  before  744.) 

747.  Directly  south  of  745,  (on  the  lake  shore)  i.  e.  in  the  S.  W.  i 
S.  E.  i  Sec.  26,  is  the  hard,  black  rock  represented  by  this  number.  It 
is  a  kind  of  black  quartzyte,  or  flint,  the  dip  of  which  cannot  be  stated. 
It  is  finely  jointed  or  broken,  nearly  at  right  angles  transversely,  oc- 
cupies the  area  of  a  small  ridge  near  the  shore. 

748.  On  the  portage  from  Ogishke  Muncie  lake  to  Dyke  lake, 
which  is  a  little  lake  southwest  from  Ogishke  Muncie  in  S.  E.  i  Sec. 
28,  is  a  siliceous  slate,  standing  vertical.  It  is  cut  by  a  dyke  running 
about  N.  and  S.  thirty  to  forty  feet  wide. 

749.  Rock  from  the  above  dyke;  dark  doleryte. 

750.  Conglomeritic  slate.  This  passes  into  the  slate  748.  It  shows 
no  bedding.     From  the  north  side  of  Dyke  lake. 

751.  S.  E.  i  Sec.  30,  T.  65,  6  W.  north  of  the  east  end  of  Caca- 

*WIih  one  exception  thi«lg  the  only  Island  which  has  Its  forest  yet  standing;  most  of  the  coantry 
lieing  utterly  destitute  from  fires. 
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quabie  lake,  is  Mallmann*s  Peak.  It  extends  rather  as  a  lower  range 
toward  the  N.  E.  half  a  mile,  terminating  at  the  end  of  the  lake  in  the 
northern  part  of  Sec.  29.  This  rock  is  a  peculiar  porphyry.  The 
ground  mass  is  amorphous,  and  the  disseminated  crystals  are  horn- 
blende.   It  is  unlike  any  thing  before  seen. 

752.  A  dyke  forty  feet  wide,  represented  by  this  number,  cuts  the 
la.«it.    This  is  a  doleryte  with  considerable  magnetite  and  pj-rite. 

Further  examination  of  this  great  pudding-stone  on  the  high  pen- 
insula that  projects  from  the  north  shore  of  Ogishke  Muncie  lake,  on 
Sec.  23,  shows  that  it  is  crossed  by  E.  and  W.  bands  due  to  sedimenta- 
tion. These  bands  stand  nearly  or  quite  vertical.  They  are  similar 
to  those  seen  in  the  quartzyte  and  slate,  but  are  coarser  and  more  in- 
distinct. They  are  seen  in  the  finer  parts  of  the  pudding-stone,  when 
the  rock  passes  into  a  tine  conglomerate  or  coarse  quartzyte. 

On  this  peninsula  nearly  one-half  of  the  pebbles  in  the  rock,  large 
and  small,  are  from  the  Saganaga  granite.  Next  in  frequency  is  a 
variety  of  greenish  pebbles,  apparently  from  the  same  formation,  or  at 
least  from  the  rock  731,  and  some  like  the  dyke  rock  742.  Next  comes 
quartzyte,  which  is  sometimes  gray,  sometimes  white.  These  graduate 
into  white  and  gray  pebbles,  some  of  which  are  also  black  and  very 
fine,  like  flint,  having  a  short  conch oidal  fracture.  Some  of  these  last 
are  banded  like  the  jasper  and  flint  of  the  gunflint  beds.  One  banded 
piece  of  black-gray  flint  which  was  noted  was  a  foot  across.  These 
various  pebbles  weather  into  a  variety  of  colors  making  the  face  of  the 
Wuff  perfectly  spotted  and  mottled.  The  conglomerate  is  a  part  of  the 
slates  of  the  region,  and  is  interbedded  with  them. 

About  three-fourths  of  a  mile  north  of  the  central  narrows  of  the 
lake,  the  conglomerate,  which  continues  all  the  way,  with  a  dip  S.  of 
B'^  or  90  degrees,  (sometimes  varying  a  little  to  the  S.  E.)  contains 
large,  rounded  pieces  of  the  ^'Saganaga  granite,"  which  proves  the 
m^ter  age  of  that  granite,  and  the  unconformability  of  this  slaty  con- 
glomerate, and  the  beds  that  are  its  equivalent  elsewhere,  upon  that 
older  formation.  Some  of  these  large  pieces  of  syenite  are  over  two 
feet  in  diameter.     The  conglomerate  also  here  contains  red  jasper. 

At  about  a  mile  north  of  the  narrows  the  red  jasper  becomes  very 
common,  some  pieces  being  six  to  eight  inches  across  on  the  face  of 
the  rock. 

At  about  a  mile  and  a  quarter  north  of  the  narrows  the  conglomer- 
ate becomes  finer  and  finer,  and  the  slaty  bedding  comes  in,  the  whole 
being  converted  to  740  and  741,  and  at  once  the  hills  rise  in  a  rude 
I'Mige,  broken  by  off-sets,  to  the  height  of  150  or  200  feet  higher  than 
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the  general  level.  The  highest  hill  is  about  in  the  center  of  the  S. 
W.  i  Sec.  14,  and  the  top  consists  of  the  rocks  740  and  741,  passing  to 
731,  with  vertical  bedding.  The  strike  of  the  northern  limit  of  the 
conglomerate  is  S.  35°  W.  and  at  about  one  and  one-fourth  miles  N. 
of  the  central  narrows.  Through  the  whole  of  this  distance  the  dip  is 
nearly  uniform  (SO''  to  90°  from  the  horizontal);  and  by  the  construc- 
tion of  a  right  angled  triangle  a  calculation  will  make  a  thickness  of 
6,574  .8  feet,  for  the  conglomerate  on  the  north  side  of  Ogishke 
Muncie  lake,  and  there  may  be  as  much  more  on  the  south  side. 

753.  Is  an  average  sample  of  the  most  of  the  hill  on  S.  W.  i  Sec- 
14,  T.  65,  4  W.  (as  above.)  It  represents  a  vast  amount  of  rock  in 
this  country,  since  much,  even  of  the  conglomerate,  is  of  similar  rock^ 
This  here  is  banded  with  finer  beds,  approaching  slate,  which,  when 
favorably  weathered,  falls  to  pieces  as  slates,  though  very  siliceous. 

From  this  hill  the  mountain-range  on  the  south  side  of  Ogishke 
Muncie  lake  can  be  seen  to  extend  east  as  far  as  the  eye  can  distin- 
guish, and  probably  to  Gunflint  lake.  The  point  of  observation  is 
E.  33°  N.  from  Mallmann's  Peak.  Part  of  Knife  lake  is  W.  S.  W.  To- 
ward the  N.  W.  is  a  lake  one-fourth  mile  away.  East  33°  north,  is 
another  small  lake  one-fourth  mile  distant,  and  at  the  foot  of  the  hill 
S.  is  another  little  lake.  Toward  the  north  is  a  similar  tract  of  coun- 
try, burnt  over,  running  to  Otter  Track  and  Knife  lakes,  made  up 
(probably)  of  the  rock  No.  753,  as  no  such  conglomerate  was  seen 
along  there  last  year. 

754.  Jasper  conglomerate,  one  mile  north  of  the  central  narrows 
of  Ogishke  Muncie  lake. 

The  "Gunflint  beds,**  south  of  Gunflint  Lake,  iV.  after  No,  747) 
have  been  associated  with  the  slates  and  quartzytes  of  the  overlying^ 
formation,  rather  than  with  the  talcose  slaty  beds  underlying  (V.  426) 
but  observations  about  Town  Line  and  Ogishkie  Muncie  Lakes  seem  to 
indicate  that  they  are  here  a  part  of  a  schistose,  slaty  formation,  high- 
ly inclined,  which  belongs  to  the  Huronian,  passing  into  the  great 
conglomerate  of  Ogishkie  Muncie  Lake, 

So  far  as  can  be  determined  by  the  observations  made,  the  following 
statement  of  the  order  of  superposition  seems  to  be  warranted,  in  de- 
scending order  (V.  after  551), 

1.  The  nearly  horizontal  quartzyte  and  slate  formation  composing^ 
the  hills  of  the  Grand  Portage  and  the  International  boundary  as  far 
as  Gunflint  Lake. 

2.  The  coarse  grit  or  fine  conglomerate,  No.  738. 
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3.  The  Jaspery  and  calcareous  beds  that  are  known  as  the  **6un- 
flintbeds,"  Nos.  737  and  743. 

4.  Gray  marble,  No.  747. 

5.  The    tilted,  slaty  conglomerate,  and   the   great  conglomerate, 
about  Ogishkie  Mnncie  Lake,  Nos.  744,  750  and  754. 

6.  The  amphibolyte  and  the  chloritic  slates,  Nos.  731, 753,  348,  349, 
350,  355,  356  and  358. 

7.  Mica  schists,  and  alternations  of  mica  schists  and  syenite,  Nos. 
335,  337,  339,  401,  406,  408,  414  and  417. 

S.    The  syenites  and  granites  of  Saganaga  and  Gull  Lakes. 

There  is  yet  one  very  important,  undetermined  question  relating  to 
this  generalized  section  which  ought  to  be  borne  in  mind,  viz  :  Ts  the 
great  quartzyte  and  slate  formation  of  the  international  boundary 
(No  1  of  this  section)  the  same  as  the  highly  tilted,  slaty  and  quartz- 
jte  formation  which  passes  into  the  great  conglomerate?  (No.  5.) 
There  are  some  considerations  which  seem  to  imply  that  it  is,  though 
in  all  descriptions  and  sections  they  have  been  treated  as  diflFerent  ter- 
ranes.  (a) Where  the  horizontal  slates  approach  the  syenites  at  the 
east  end  of  Gunflint  Lake  there  is  nothing  to  be  seen  of  any  beds  rep- 
resenting the  tilted  slates.  The  syenites  and  their  associated  schists 
eome  on  at  once.  (b)Where  the  tilted  slates  and  the  conglomerates 
associated  with  them  are  traceable  from  the  syenite  upward  to  the 
gabbro  as  south  of  Ogishkie  Muncie  Lake,  there  is  nothing  to  be  seen 
of  any  beds  like  the  horizontal  black  slates  of  No.  1.  (c)The  **Qun- 
ftint  beds"  appear  to  belong  to  the  horizontal  slates  of  the  internation- 
al boundary  at  Gunflint  Lake,  but  their  supposed  equivalents  at  Ogish- 
kie Mnncie  Lake  belong  to  schistose  and  tilted  slates  and  conglomer- 
ate. (d)Although  the  horizontal  slates  and  quartzytes  of  the  inter- 
national boundary  strike  west  and  southwest  across  the  State,  forming 
one  of  the  most  important  topographical  features  of  the  northern  part 
of  the  State,  and  can  be  followed  for  many  miles  as  such,  yet  they  are 
lost  entirely  in  the  region  of  the  upper  St.  Louis,  and  the  tilted  slates 
are  the  only  ones  seen  where  that  river  cuts  the  rock  at  Knife  Falls 
and  below.  (e)The  great  gabbro  belt,  which  surmounts  the  hori- 
zontal slates  along  the  international  boundary,  and  prevails  to  the  east 
and  sonth  of  their  line  of  strike,  is  seen  to  pass  to  the  west  of  Lake 
Superior,  at  Dulnth,  and  to  disappear  from  sight  suddenly  between 
Dnluth  and  Fond  dii  Lac  as  if  its  continuance  depended  on  the  main- 
tenance of  the  horizontal  formation  with  which  it  is  associated.  ( f ) 
Where  the  Ganflint  beds  becoiue  a  jaspery  haematite,  as  south  and  east 
of  Vermilion  Lake,  the  structure  of  the  tilted  slates  passes  into  the  iron 
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ore  as  if  of  the  same  formation.  (g)The  formation  which  underlies 
the  cupriferous  at  Fond  du  Lac  is  the  tilted  slates,  and  that  which  un- 
derlies it  at  Grand  Portage  is  the  horizontal  slates. 

A  thorough  examination  of  the  hill -range  between  Gunflint  and 
Ogishkie  Muncie  Lakes  would  probably  reveal  the  facts  as  to  any 
transition  from  the  horizontal  slates  to  the  tilted  slates. 

In  going  south  from  Ogishkie  Muncie  Lake  toward  the  mountain 
range,  so  as  to  strike  the  summit  on  Sec.  34,  the  dip  and  strike  of  the 
rock  are  seen  to  change  several  times.  At  the  shore  is  a  fine  conglom- 
erate, then  quartzyt^  and  slate  in  contorted  bedding,  then  the  same 
with  a  dip  east,  then  the  same  with  a  dip  northeast,  then  south,  then 
coarsely  arenaceous  without  any  distinct  dip,  apparently  once  broken, 
then  vertical  with  strike  N.  and  S.  South  of  the  crossing  of  the  creek, 
about  half  way  from  the  lake  to  the  summit,  the  rock  is  very  confused 
(apparently  brecciated  and  recemented),  and  the  bedding  cannot  be 
made  out.     Then  the  dip  is  west,  verging  to  southwest. 

Although  this  is  not  all  conglomerate,  on  close  examination  it  seems 
to  show  in  the  field  such  variation  as  can  be  referred,  very  much  of 
it,  to  an  original  conglomeritic  condition.  In  approaching  the  summit 
this  condition  is  less  and  less  apparent,  the  stones  gradually  losing 
their  identity  in  a  common,  more  homogeneous  mass. 

South  of  the  foregoing  interrupted  series  of  hills,  occupied  by  the 
changes  described,  all  pertaining  to  the  conglomerate— quartzyte — 
slate  formation,  is  the  first  ridge.  The  rock  is  rounded  and  smoothed 
by  glaciation,  though  the  direction  of  movement  cannot  be  ascertained 
by  any  preserved  striae.  There  is  a  sudden  change  in  the  character  of 
the  rock  of  the  hill  in  passing  to  the  ridge. 

755.  The  rock  of  this  ridge  is  a  greenish,  tough  rock,  much  like 
that  of  No.  731  in  outward  character,  rather  fine-grained,  has  numerous 
quartz  f  eins  and  seams,  and  forms  a  large  area  and  ridge  on  the  moun- 
tain side.  While  outwardly  it  appears  like  No.  731  it  has  the  mineral 
composition  that  more  resembles  a  dark,  fine  dioryte  (V.  684  and  678). 

756.  Passing  further  south,  crossing  a  valley,  another  ridge  is  met 
with,  rising  higher,  consisting  of  this  rock — a  coarsely  crystalline 
dioryte,  with  a  little  quartz  and  magnetite,  the  hornblende  being 
changed  to  viridite.    It  is  cut  by — 

757,  a  gray,  rather  fine,  trap-rock,  in  a  dyke  running  N.  W.  and  S. 
E.,  six'feet  wide. 

Further  south  is  another  higher,  bare  ridge,  broad  and  smooth,  con- 
stituting the  top  of  the  mountain.     The  rock  is — 

758,  a  **trap"  of  a  greenish  color. 
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759.  Occurs  in  patches  in  No.  758  and  is  like  No.  756,  but  contains 
80  much  magnetite  as  to  appreciably  increase  its  weight.  This  is  from 
tjie  summit  south  of  Sec.  35,  about  one  fourth  mile. 

Of  the  rocks  constituting  the  mountain  east  of  Twin  Peaks,  Nos. 
755  and  758,  are  the  chief  mountain-making  rocks,  and  No.  758  is  the 
most  important,  spreading  a  great  distance  still  further  south  (judging 
by  the  form  and  color  of  the  hills  in  view),  and  also  probably  a  great 
distance  east.  Indeed,  it  is  probably  the  rock  that  constitutes  the  divide, 
south  of  Gunflint  and  Tucker  lakes,  this  range  being  visibly  a  continu- 
ation of  that. 

In  passing  from  Ogishkie  Muncie  lake  directly  to  Twin  Peaks,  the 
following  observations  were  made  by  Mr.  Mallmann.  After  a  space  of 
conglomerate,  perhaps  one  half  a  mile,  there  is  a  gorge  in  which  a 
creek  runs  S.  30°  W.,  the  rock  over  which  it  passes  being — 

760.  A  light  siliceous  marble,  or  calcarous  quartzyte,  undis- 
tinguishable  from  the  marble.  No.  746.  On  either  side  of  the  gorge 
is  a  wall  of  rock.     On  the  west  is  conglomerate,  and  on  the  east  is  No. 

761.  which  is  a  pyritiferous,  dark  aphanitic  rock,  one  of  the  condi- 
tions of  the  slate  of  the  slaty  conglomerate. 

762.  Is  from  a  trap  dyke  cutting  the  conglomerate,  about  one  fourth 
mile  from  the  lake. 

South  from  the  gorge  is  more  conglomerate  and  quartzyte,  then  a 
ridge,  or  a  succession  of  benches  rapidly  ascending.  The  first  bench, 
20  feet  high,  has  regular  bedding,  and  dip  toward  the  south,  but  no 
basaltic  structure.     It  consits  of  No. — 

763.  Which  is  apparently  closely  allied  to  No.  755. 

764.  In  a  higher  ridge  is  this  rock,  which  is  the  same  as  763. 

765.  The  top  of  the  Twin  Peak  (E.  Twin)  is  a  fine-grained  variety  of 
the  same  rock.  This  peak,  and  the  general  average  of  the  mountain 
range  may  be  500  feet  higher  than  Ogishkie  Muncie  lake.  The  Twin 
Peaks  are  conspicuous  because  they  stand  isolated,  further  north  than 
the  rest  of  the  high  land,  not  because  they  are  higher. 

Fox  lake,  which  is  141  feet  higher  than  Saganaga,  affords  a  fine  ex- 
hibition along  its  south  shore,  of  the  broken  condition  of  this  quartzyte- 
slate -conglomerate  formation.  The  bluff  rises  nearly  perpendicular, 
but  is  somewhat  rounded  off  by  glaciation,  and  the  edges  of  the  bed- 
ding cross  the  face  of  it  in  a  very  tortuous  and  angular  irregularity. 
Some  of  the  beds  which  are  nearly  horizontal  are  terminated  at  one 
place  by  a  perpendicular  line,  on  the  other  side  of  which  the  beds  are 
nearly  vertical.  In  other  places  the  bluff  shows  both  synclinal  and 
anticlinal  bends. 
7 
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Ash  lake  (or  Agemok  lake)  is  200  feet  above  lake  Saganaga.  On  the 
portage  from  Fox  lake  to  Ash  lake  the  formation  strikes  S.  E.  and  N. 
W.,  with  a  dip  S.  W.  of  60°  to  80^  the  most  of  the  way.  It  then 
changes  suddenly  to  a  strike  S.  W.  and  N.  E.,  and  then  soon  becomes 
confused  in  a  general  breccia.  Near  Fox  lake,  where  the  beds  strike 
S.  E.  and  N.  W.,  there  is  a  ferruginous  belt.  Through  about  four  feet 
the  hard  slates  are  rusty  with  haematite.  The  pieces  are  also  feebly 
magnetic,  but  there  is  not  enough  iron  to  be  of  any  value. 

766.  Iron  ore  near  Fox  Lake. 

Gobbemichigomog  lake  is  210  feet  above  Saganaga.  At  its  west  end, 
just  west  of  the  town  line  is  a  northward  facing  hill  of  bedded  trap, 
and  a  low  range  runs  along  the  south  side  of  the  lake,  but  the  main 
hill-range  strikes  along  north  of  this  lake,  jogging  a  little  to  the  north. 

767.  From  the  south  side  of  Gobbemichigomog  lake.  A  fine- 
grained heavy  jock  of  a  gray  color,  resembling  the  rock  No.  677,  evi- 
dently having  much  chrysolite. 

There  are  several  short  perpendicular  bluflfs  of  bedded  trap,  some  of 
it  approaching  the  last  in  characters,  along  the  south  shore  of  Gobbe- 
michigomog lake;  and  one  of  them  is  quite  ferruginous.  They  rise 
from  20  to  40  feet.     From  one  near  the  lake  is  obtained — 

768.  Somewhat  irony  trap,  with  chrysolite  and  mica. 

Crooked  lake  is  217  feet  above  Saganaga,  and  Little  Saganaga  is  225 
feet.  About  Crooked  lake  the  country  is  wholly  in  the  trap  of  the 
^esabi.  It  rises  in  numerous  knobs  that  make  rounded,  bare  islands. 
The  same  rock  continues  to  and  into  Little  Saganaga  lake  where  it  also 
causes  many  islands.  In  some  places  it  rots  and  crumbles  easily  as  at 
Beaver  Bay. 

769.  Trap,  from  the  N.  W.  end  of  Little  Saganaga. 

770.  On  the  south  side  of  Little  Saganaga  the  rock  weathers  white. 
It  rises  in  higher  bluffs,  resembling  the  Rice  Point  gabbro,  and  even 
approaching  the  whiteness  and  nearly  the  purity  of  the  so  called  "feld- 
spar rock."  It  is  mainly  of  feldspar  but  also  contains  magnetite  and  a 
little  pyf  oxene.  The  hills  and  ridges  show  in  general  a  course  bedding 
which  dips  south.  Ridges  10  to  50  feet  high.  The  sample  collected  is 
weathered.  Boulders  of  iron  ore  like  that  of  Mayhew  lake,  are  scat- 
tered about. 

East-and-West  lake  is  231  feet  above  Saganaga. 

771.  Pmkish-red  vein  of  syenite  in  rock  No.  770,  dipping  E.  75°. 
It  is  20  inches  wide,  on  the  south  shore  near  the  east  end  of  East-and- 
West  lake.   This  red  syenite  here  is  comparable  to  the  red  syenite  asso- 
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ciated  with  the  gabbro  at  Rice's  Point.    In  both  phices  it  penetrates  ir- 
regularly^ through  the  gabbro. 

The  lake  in  Frog  Rock  river  is  241  feet  above  Saganaga.  On  the 
portage  north  from  the  lake  in  Frog  Rock  river  are  to  be  seen  several 
veins  of  red  syenite  in  the  feldspar  rock  of  the  country,  like  771  dip- 
ping E.  The  dip  is  generally  south,  about  50°,  but  is  also  S.  E.,  E.,  S. 
W.  and  even  N.  W. 

772.  From  a  vein,  one  foot  wide,  of  this  rock  in  the  neighborhood 
of  the  east-dipping  red  veins.  This  is  coarsely  crystalline,  and  consists 
of  the  usual  minerals  in  the  gabbro  of  Rice  Point,  but  also  here  seems 
to  have  quartz  and  mica,  perhaps  derived  from  the  red  rock  with  which 
it  is  in  close  association.  This  whole  formation  resembles  **Rice 
Point  granite*'  in  outward  characters,  and  in  mineral  composition. 
It  sometimes  decays  in  round  masses,  as  if  at  first  a  conglomerate,  in 
the  same  manner  as  near  the  Duluth  depot.  (V.  No.  4  A.)  The  last 
lake  in  Frog  Rock  river  is  258  feet  above  Saganaga.  Passing  from 
this  lake  by  a  long  portage  toward  the  southwest,  the  Mesabi  lake  is 
reached,  338  feet  above  Saganaga  lake. 

773.  Rock  of  the  country,  about  the  last  lake  in  Frog-Rock  river. 
It  is  a  gabbro.  This  formation  not  only  seems  to  be  the  **Rice  Point 
granite,"  and  the  iron-bearing  rock  of  Mawhew  lake,  but  also  to  have 
furnished  the  feldspar  masses  of  Castle  Danger  and  Beaver  Bay.  The 
l)ortage  from  the  last  lake  in  Frog-Rock  river  to  Mesabi  lake  rises  150 
feet,  and  passes  nearly  all  the  way  over  this  rock.  Merabi  lake  is  70 
feet  lower  than  the  divide,  and  its  outlet  is  toward  the  north,  uniting 
with  Frog-Rock  river. 

The  same  rock  continues  nearly  across  the  portage  to  Duck  lake, 
where  another  formation  sets  in,  viz : 

774.  This  comes  in  apparently  through  No.  773,  at  first,  but  after- 
"ward  it  lies  on  773,  and  in  rude  lenticular  and  broken  bedding  dii)s  to 
the  south.  It  forms  a  range  of  hills  about  100  to  150  feet  high  next 
west  and  south  of  Mesabi  and  Duck  lakes.  It  has  been  molten,  as 
evidently  as  773,  and  in  that  sense  it  is  an  igneous  rock,  but  it  differs 
from  it  in  its  mineral  composition.  It  is  a  reddish  syenite,  but  seems 
to  contain  mica,  as  well  as  some  plagioclase.  In  passing  along  Duck 
lake  considerable  confusion  prevails  in  the  relative  positions  of  Nos. 
773  and  774.  Along  the  south  side  of  the  point  that  separates  the  lake 
into  N.  E.  and  S.  W.  parts.  No.  774  plainly  lies  on  parts  of  No.  773, 
but  on  the  east  side  of  the  lake,  there  is  considerable  mixing,  the  two 
changing  places  suddenly,  and  either  one  being  in  patches  in  the  other 


Digitized  by  VjOOQIC 


100  TENTH   ANNUAL  BEPOBT 

— particularly  774,  embracing  masses  of  No.  773,  and  suddenly  cutting 
No  773  like  dyke-rock.  * 

775.  At  the  S.  E.  end  of  Duck  lake  773  lies  on  776,  which  is  the 
well-known  and  so-called  **red  granite."  This  lies  in  even  and  regu- 
lar beds  of  four  to  eight  inches,  (or  in  beds  of  three  to  four  feet),  dip- 
ping soiith,  amounting  in  all  to  about  twenty  feet,  the  rock  773  being 
unconformable  on  it,  but  intimately  cemented  to  it,  as  at  Rice  Point. 
Over  both  of  these,  further  toward  the  S.  E.  No.  774.  comes  in  again. 
(V.  776.) 

Duck  lake  is  348  feet  above  Saganaga. 
L.  lake  is  413  feet  above  Saganaga. 

The  portage  is  along  the  stream  between  these  two  lakes  and  is  over 
the  rock — 

776.  which  is  seamed  and  blotched  with  the  red  rock  775  and  ap- 
pears to  be  affected  by  it  throughout.  This  rock  prevails  through 
this  portage  with  occasionally  a  characteristic  patch  of  No.  773 — as 
seen  at  the  south  end  of  the  portage.  At  the  point  where  the  portage 
leaves  L  lake  is  a  bluff  at  the  left  made  up  of  the  following  (777-780.) 

777.  A  characteristic  gabbro,  seamed  by  red  syenite,  and  weath- 
ering nearly  white,  porphyritcally,  so  as  to  appear  much  like  No.  773. 
This  passes  downward  into— 

778.  which  was  obtained  about  thirty -five  feet  below  the  top  of  No- 
777  and  near  the  next.  This  is  apparently  a  form  of  the  gabbro  when 
in  closer  contiguity  with  the  sedimentaries  and  has  been  penetrated 
by  minerals  from  them.  It  is  finer-grained  than  No.  777  and  darker, 
but  also  seems  to  have  orthoclase  and  mica.  These  together,  make  a 
^hickness  of  about  forty -five  feet,  from  the  top  of  the  bluff  downward. 
They  are  one  in  structure,  dip  and  general  characters.  They  dip  south 
in  heavy  layers  at  an  angle  of  about  thirty  degrees. 

779.  Red  syenite,  unconformable  under  778,  showing  about  fifteen 
feet.  What  appears  like  bedding  in  No.  779  may  be  coarse  jointage,  as 
there  are  two  sets  of  planes,  one  set  being  perpendicular  to  the  bedding 
of  the  gabbro  overlying,  and  the  other  crossing  it  so  as  to  have  a  dip 
south  of  about  seventy  degrees. 

780  is  a  form  of  the  rock  in  the  same  bluff  about  twenty  feet  below 
the  top— evidently  a  part  of  the  igneous  rock,  but  affected  by  proximity- 
to  the  underlying  rock  so  as  to  appear  like  a  dioryte. 

There  is  a  striking  contrast  in  the  appearance,  form  and  color  of  the 
rocks  777  and  779. 

Wind  lake  is  473  feet  above  Saganaga  lake.  On  the  portage  to 
Wind  lake  the  rock  No.  777  is  the  prevailing  rock  at  first,  but  is  varied 
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by  patches  of  red  rock,  and  a  fine-grained  rock  like  No.  778.  Then — 
781  prevails,  cut  by  seams  of  red  rock  like  the  last,  and  having  sud- 
den variations  to  Nos,  777  and  778  and  even  to  No.  774.  This  is  a 
light-colored,  fine,  syenitic  granite.  The  red  rock  continues  to  in- 
crease in  area  till  at  Wind  lake,  nearly  one-half  of  the  visible  area  is 
of  red  syenite,  the  rest  being  some  of  the  rocks  777  or  781.  The  most 
of  the  surface  is  bare  rock  and  can  be  examined  easily.  The  red  sye- 
nite is  in  the  lower  parts  and  the  other  rocks  are  in  the  higher.  It  al- 
ways appears  to  come  out  under  the  others  when  it  appears  in  bulk 
and  indicates  its  proper  relation  to  them.  The  red  seams  which  pass 
upward  into  the  dark  rocks  are  exactly  simulated  by  the  same  relations 
of  the  gabbro  and  the  red  syenite  at  Duluth,  and  this  place  must  be  at 
about  the  same  geological  horizon.  There  is  much  reason  to  regard  the 
rocks  773,  774,  776,  777,  778,  780,  as  all  phases  of  the  same  great  for- 
mation, an  igneous  rock  which  flowed  over  776  and  779,  and  in  con- 
tact with  them  was  modified  into  the  various  textures  and  degrees  of 
fineness  that  they  illustrate;  and  that  the  red  rock,  which  must  be  re- 
garded as  the  red  formation  of  the  Brul6  and  the  Great  Palisades,  in 
the  process  was  fused  and  injected  into  them.  This  red  formation, 
which  makes  red  syenites  and  gneisses,  belongs  in  the  lower  portion  of 
the  cupriferous,  as  hitherto  classified,  and  seems  to  be  the  same  that 
in  Michigan  has  been  grouped  by  T.  B.  Brooks  in  the  Huronian.* 

Along  the  north  side  of  Wind  lake,  these  formations,  the  red  and 
the  gray,  are  somewhat  interbedded,  and  so  brecciated  and  mixed  that 
the  blufi's  are  spotted  promiscuously  with  the  two  colors.  Sometimes, 
also,  they  seem  to  have  been  fused  and  blended  into  a  rock  that  is 
neither  red  nor  gray. 

782.  A  micaceous  quartzyte,  of  a  light  red  color,  from  the  S.  E. 
side  of  Wind  lake.  This  is  less  granitoid  than  usual,  but  is  still  a  part 
of  the  red  rock  formation. 

783.  A  micaceous  brown  quartzyte,  of  the  same  series  of  rocks, 
from  the  S.  E.  side  of  Wind  lake.  This  is  one  of  the  metamorphosed 
sandstones  of  the  cupriferous. 

At  the  place  where  the  portage  trail  leaves  Wind  lake  is  a  bluff 
which  in  form  is  a  duplicate  of  the  red  quartzyte  bluffs  at  New  Ulm, 
and  in  Rock  and  Pipestone  counties. 

784.  Is  from  this  bluff,  and  constitutes  the  most  of  it.  It  is  a  hard, 
red,  fine,  sub-granitzed  quartzyte,  somewhat  sprinkled  with  darker 
specks,  that  may  be   chloritic  or  micaceous,  or  graphite,  and  having 

»Am.  Joar.  Scl.  (3),  Xt.p.S06. 
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rarely  a  distinct  crystalline  grain  of  orthoclase.  It  is  in  distinct  sedi- 
mentary layers  that  dip  S.  at  an  angle  of  20°  to  25°. 

785.  In  irregular  patches  and  areas,  on  the  face  of  the  bare  bluff, 
rounded  off  by  glaciation,  may  be  seen  this  rock,  which  is  a  true  igne- 
ous rock,  nearly  black,  fine-grained,  a  trap-rock,  a  form  of  the  gabbro 
such  as  is  seen  along  the  Lake  Superior  shore  where  the  molten  ma- 
terial was  rapidly  cooled  in  contact  with  the  sedimentaries.  This  is  a 
phase  of  the  igneons  rock  of  the  country.  This  bluff  throws  light  on 
the  geology  of  the  southwestern  part  of  the  State.  If  this  gabbro  be- 
longs to  the  cupriferous,  and  these  red  gneisses  also,  then  may  not,  not 
only  the  red  quartzytes  (Sioux  quartzyte  of  Dr.  White,  and  the  Bara- 
boo  quartzyte  of  Wisconsin),  but  also  the  contiguous  red  gneisses  and 
granites  of  the  Upper  Minnesota  Valley  ?  In  other  words  may  not  the 
red  gneisses  and  granites  of  the  Upper  Minnesota  Valley  be  in  the  ex- 
tension of  the  great  modified  cupriferous,  where  instead  of  an  actual 
molten  outflow,  or  series  of  outflows,  the  disturbing  agencies  operated 
to  produce  a  widespread  and  complete  metaniorphism  in  the  contem- 
porary strata  ?  Those  granites  and  syenites  differ  widely  from  the 
granites  of  Saganaga — the  only  ones  known  to  lie  below  the  great 
conglomerate  of  Ogishke  Muncie.  Though  the  rock  of  this  bluff  is 
not  a  pure  red  quartzyte,  in  other  places  this  red  rock  is  a  pure  quartz- 
yte which  can  hardly  be  distinguished  from  the  quartzyte  of  New  Ulni. 
At  the  same  time  there  are  portions  of  the  southern  red  quartzyte  that 
are  as  much  granitized  as  the  rock  of  this  bluff.  This  is  particularly 
true  of  the  outcrops  at  Baraboo,  Wis. 

Spotted  Rock  lake  is  520  feet  above  Saganaga.  This  lake  is  so 
named  because  of  the  mixture  of  red  and  gray  rock  as  described  at  the 
south  end  of  Wind  lake.  Here  it  is  all  about  the  shores,  the  red  gradu- 
ally increasing  in  area,  and  rising  into  hills. 

At  Little  Saganaga  lake  were  a  few  green  trees  of  Jack  pine  (Pinus 
Banksiana)  about  three  or  four  inches  in  diameter,  but  south  of  that 
lake  the  country  has  been  twice  burnt  over,  as  at  Ogishke  Muncie  lake, 
so  that  it  is  almost  bare  of  vegetation.  The  first  burning  destroyed 
the  large  trees,  and  the  second,  in  burning  the  fallen  forest,  killed  the 
new  growth,  which  was  then  one  to  two  inches  in  diameter.  About 
Little  Saganaga  this  young  growth  escaped  the  second  fire;  but  in 
nearly  all  parts  of  this  traverse  the  country  north  from  Young  Sawbill 
lake  affords  unrivalled  opportunity  for  unraveling  the  geology-  of  this 
much-studied  but  little-known  horizon  of  the  earth's  crust. 

Leaving  Spotted  Rock  lake  the  canoe  route  passes  over  a  long  rough 
portage  trail,  crossing  the  hill  range  known  as  the  Mesabi  Range. 
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This  range  seems  to  be  the  westward  extension  of  that  in  which  is 
Brul^  Mt.,  while  that  "Mesabi"  which  passes  near  Gobbemichigomog 
lake  has  been  distinguished  sometimes  as  the  jGiant*s  Range.  Saw- 
teeth Range  is  near  the  Lake  Superior  shore.  The  Mesabi  range  rises 
where  the  trail  passes  it,  676  feet  above  Lake  Saganaga,  or  1,592  feet 
above  Lake  Superior.  The  dark  rock  which  is  mixed  with  the  red 
granite  formation  continues  to  the  top  of  the  Mesabi,  having  its  usual 
changes  of  texture,  and  a  few  spots  of  red  rock.  But  before  reaching 
the  summit  the  texture  becomes  what  is  shown  by — 
786  without  much  variation.  This  is .  from  near  the  top  of  the 
-  range.  This  is  rather  fine,  heavy  and  chrysolitic.  After  passing 
the  summit  the  formation  is  occasionally  coarser,  and  even  takes  the 
characters  of  No.  773  in  small  patches  and  veins. 

787.     Its  prevailing  features  on  the  south  slope  are  shown  by  this 
number,  which  is  like  other  samples  from  the  same  formation  else- 
where, a  rather  fine  chrysolitic  gabbro,  which  continues  to  South-side 
lake.      From  the  top  of  the  Mesabi  range  can  be  seen  both  the  Giants 
range  of  hills  and  the  Sawteeth  mountains. 
South-side  lake  is  a  tributary  of  Temperance  river. 
From  South-side  lake  the  course  pursues  a  slow-running  river  to 
Sawbill  lake,  with  ridges  of  rock  No.  787  on  either  side  rising  about 
fifty  feet,  or  less,  occasionally  with  a  little  show  of  the  red  rock,  but 
generally  free  from  it.     From  Sawbill  lake  the  canoe  enters  a  swamp 
through  which  the  same  river  flows,  to  a  rapids,  where,  after  a  short 
portage,  a  lake  is  reached  in  the  same  stream,  the  same  rock  continu- 
ing.    This  is  known  as  Young  Sawbill  lake,  and  by  our  aneroid  is 
found  to  be  454  feet  above  Saganaga  lake.    At  the  rapids  the  same 
rock  appears,  but  about  Young  Sawbill  lake  the  country  is  drift-cov- 
ered, and  about  the  S.  W.  end  of  this  lake  the  native  forest  is  green, 
having  escaped  the  fires.     This,  however,  does  not  continue  far,  for  at 
the  south  side  of  Rat  lake  the  forest  is  fire-killed.     No  rock  is  seen  on 
the  portage  from  Young  Sawbill  to  Rat  lake,  but  where  the  trail 
leaves  Rat  lake  fpr  Burntwood  lake  the  same  rock  as  the  last  appears. 
Rat  lake  is  459  feet  above  Saganaga,  and  Burntwood  lake  is  439* 
These  are  both  tributary  to  Temperance  river. 

On  the  portage  from  Rat  lake  the  formation  is  mixed  with  the  red 
syenite.  It  shows  the  characters  of  the  Rice  Point  gabbro,  and  irony 
patches  like  dykes,  having  much  magnetite. 

On  the  east  side  of  Burntwood  lake  the  same  rock  can  be  seen  in 
place,  but  the  prevalence  of  drift  and  the  greater  amount  of  vegeta- 
tion, makes  the  examination  of  the  geology  of  the  country  more  diffi* 


Digitized  by  VjOOQIC 


104  TENTH  ANNUAL  REPORT 

cult,  and  the  idea  one  can  obtain  is  more  general  than  in  the  country 
north  of  the  Mesabi  range. 

The  portage  to  Temperance  river  passes  over  a  range  of  low  hills 
made  up  of  rock  like  much  of  that  already  mentioned,  belonging  to 
the  same  formation,  but  somewhat  darker  colored,  with  magnetite  and 
hornblende,  approaching  diorj'te. 

788.  Dioryte  from  the  E.  side  of  Burntwood  lake,  the  rock  of  the 
country. 

789.  From  the  portage  trail  to  Temperance  river  lake,  but  rather 
darker  than  the  average — a  dioryte  with  much  hornblende  and  con- 
siderable magnetite. 

Temperance  river  lake  is  417  feet  above  Lake  Saganaga.  This  lake, 
which  is  nothing  more  than  an  expansion  of  the  river  is  terminated  by 
rapids  which  have  a  descent  of  eight  feet.  On  the  portage  round  these 
rapids  almost  the  only  rock  seen  as  boulders  are  of  the  red  syenite 
series.  A  lower  rapid  in  Temperance  river  has  a  descent  of  thirty 
feet.  Temperance  river  is  rather  a  succession  of  lakes,  or  lake-like  ex- 
pansions. The  portage  round  the  last  rapids  crosses  red  syenite  all  the 
way,  seen  occasionally  in  place.  The  forest  is  killed  by  fire  over  the 
east  half  of  the  portage.  At  the  foot  of  these  rapids  is  another  lake- 
like enlargement  of  the  river,  after  which  the  route  ascends  by  port- 
age, a  tributary  of  Temperance  river,  and  reaches  a  lake  in  this  tribu- 
tary, which  is  found  to  be  419  feet  above  Saganaga  lake.  This  last  port- 
age passes  at  first  along  the  foot  of  and  then  ascends  and  continues  on 
a  ridge  of  morainic  drift,  consisting  so  largely  of  red  granite  masses 
(from  one  to  six  feet)  that  one  could  travel  the  whole  three-fourths 
mile  without  stepping  off  them.  There  is  also  in  the  mass  occasion- 
ally a  boulder  of  dioryte  like  No.  788  or  789.  When  burnt  the  whole 
country  appears  red,  from  the  prevalence  of  this  red  drift.  The  next 
portage  leads  to  a  lake  in  Poplar  river,  and  the  lake  is  given  an  eleva- 
tion over  Saganaga  lake  of  449  feet  by  connected  aneroid  readings. 
Through  this  portage  the  red  morainic  drift  continues,  and  along  the 
lake  also.     Near  the  lake  appears — 

790.  in  one  of  the  ridges  over  which  the  trail  passes.  It  seems  to 
make  up  a  large  part  of  the  ridge.  It  is  a  very  fine-grained,  gray^ 
metamorphic  (  ?)  rock,  or  fine  basalt. 

Along  the  west  shore  of  Poplar  river  lake  are  two  exposures  of  the 
rock  No.  790,  and  from  the  fact  that  in  one  place  a  lot  of  red  granite 
is  embraced  in  it,  it  is  judged  to  be  an  igneous  rock. 

791.  From  one  of  these  exposures,  which  is  almost  exactly  the  same 
as  790.  I 
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Although  there  is  abundance  of  drift  along  Poplar  river,  the  red 
boulders  are  almost  entirely  wanting. 

Square  lake  is  444  feet  above  Sagauaga. 

Small  lake  is  437  feet  above  Saganaga. 

There  is  still  a  considerable  sprinkling  of  red  syenite  in  the  drift 
along  these  lakes.  "New  varieties  of  rock  also  appeal,  such  as  the  trap 
rocks  of  lake  Superior,  and  amj'gdaloid.  The  forest,  fire-killed  gener- 
ally since  leaving  Temperance  river,  is  still  standing.  Camp  lake  is 
425  feet  above  Saganaga. 

Smoke  lake  is  411  feet  above  Saganaga. 

Sunrise  lake  is  399  feet  above  Saganaga. 

Rice  lake  is  394  feet  above  Saganaga. 

Big  Lake  is  304  feet  above  Saganaga. 

There  are  rapids  between  all  these  lakes.  The  long  portage  from 
Rice  lake  S.  E.  is  wholly  over  drift,  no  rock  in  place  being  visible. 
The  same  is  true  of  the  three  portages  last  before.  The  countrj'  is 
rolling  and  shows  many  boulders.  The  stream  leaving  Big  lake  is 
three  times  the  size  of  that  leaving  Rice  lake. 

Sucker  lake  is  274  feet  above  Saganaga. 

Poplar  river,  where  the  portage  from  Sucker  lake  strikes  it,  is  16  feet 
above  Saganaga.  The  portage  between  Big  lake  and  Sucker  lake  is 
wholly  over  drift,  showing  no  rock.  That  also  to  Poplar  river  is  over 
a  smooth  surface  of  drift,  without  once  showing  rock  in  place.  After 
a  descent  by  river  of  about  five  feet,  rapids  occur  which  have  a  further 
descent  of  40  feet,  bringing  the  river  here  to  the  level  of  29  feet  below 
lake  Saganaga.  After  a  further  descent  of  three  feet  by  river  the  last 
portage  begins,  leading  to  lake  Superior,  which  is  found  by  the  series 
of  observations  to  be  737  feet  below  Saganaga,  or  179  feet  less  than 
the  series  of  aneroids  of  1878,  from  Grand  Portage. 

The  Sawteeth  Mountains  through  which  the  Poplar  river  passes  in 
a  narrow  deep  gorge,  rise  above  the  trail  which  runs  near  their  base 
563  feet,  and  1111  feet  above  lake  Superior. 

These  mountains  seem  to  be  made  up,  here,  of  the  trap-rock  of  the 
shore  series,  but  become  coarsely  crystalline,  or  porphyritic,  gradually, 
toward  the  top,  as  shown  by  samples  obtained  at  diflPerent  elevations, 
viz: 

792.  From  the  foot  of  a  hill  facing  north  precipitously.  N.  E.  i. 
Sec.  20,  T.  60,  3  W.  on  Poplar  river.  This  is  a  high,  trap  hill,  like 
others  in  the  vicinity. 

793.  From  the  foot  of  the  last  hill  (or  nearest  Lake  Superior),  west 
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side  of  Poplar  river,. 600  feet  above  the  lake,  similar  to  the  last.     A 
chrysolitic  trap. 

794.  From  the  same  hill  one  fourth  way  up.  The  same  rock,  with 
an  occasional  crystal  of  twinned  feldspar  porphyritically  displayed. 

795.  From  the  same  one  half  way  up.  The  same  rock  with  coarser 
feldspar  crystals.* 

796  From  the  top  of  the  hill,  1111  feet  above  lake  Superior.  This 
is  the  same  rock,  with  more  abundant  coarse  feldspar  crystals,  the 
matrix,  which  constitutes  about  one  half  of  the  mass,  being  undis- 
tinguishable  from  the  rocks  793  and  794. 

There  may  be  beds  of  amygdaloid  in  this  hill,  but  none  were  seen. 
On  the  very  top  of  the  hill  is  red  clay  drift,  and  boulders,  and  the  last 
portage  trail  is  over  a  nice  plain  of  red  stony  clay,  gradually  descend- 
ing to  Lake  Superior — the  lower  half  of  it  being  suitable  for  farming. 
The  actual  connection  of  this  hill  with  the  rock  of  the  shore  is  not 
visible  along  the  trail  on  account  of  this  d'ift.  The  only  opportunity 
for  tracing  it  out  there  would  be  in  the  difficult,  if  not  impracticable, 
ascent  of  the  river  gorge  itself. 

Rocks  from  various  parts  of  the  State. 

797.  The  trap  of  Taylors  Falls,  (V.  S20.) 

798.  Porphyritic  trap,  of  Taylors  Falls. 

The  number  797  contains  nothing  that  prevents  it  being  classed  as 
an  igneous  rock,  and  it  may  be  of  the  cupriferous,  but  the  latter  (798) 
has  hornblende  and  orthoclase,  as  well  as  epidote,  and  has  the  aspect 
of  a  metamorphic  rock. 

799.  Light-colored  syeuitic  granite.  Saganaga  lake:  The  first 
island  on  entering  the  lake  from  the  east;  same  as  No.  316. 

800.  Syenitic  granite,  from  the  falls  of  Gunflint  river,  at  the  first 
portage  going  north  from  Gunflint  lake;  the  same  as  No.  315. 

801.  Gray,micaceous  syenite.  From  S.  E.  i,  Sec.  17,  T.  35,  R.  30, 
about  two  and  one  half  miles  S.  E.  of  St.  Cloud,  on  the  east  side  of  the 
Mississippi  river.  A  large,rounded  knoll  of  this  syenite  was  opened  in 
1881  by  Saulpaugh  &  Company  for  use  in  the  piers  of  the  R.  R. 
bridge  over  the  Missouri  at  Bismark.  It  is  a  rather  coarse  rock,  con  - 
sisting  mainiy  of  quartz,  orthoclase,  hornblende  and  black  mica.  The 
orthoclase  is  only  in  part  flesh  colored,  the  rest  is  nearly  white.  This 
knoll  covers  25  or  30  acres  arrd  rises  about  20  feet  above  the  general 
surface,  the  longest  diameter  being  E.  and  W.  (a  little  N.  of  W.)  but 
oblong.  A  dyke  four  feet  wide  cuts  it  N.  E.  and  S.  W.  consisting  of 
heavy  trap  rock,  very  fine  grained,  viz : 
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802.  Trap  dyke  cutting  No.  801  in  direction  S.  W.  and  N.  E.;  4 
feet  wide.  This  rock,  being  much  jointed,  would  facilitate  the  quarry- 
mg  of  No.  802,  had  the  quarry  been  started  along  side  of  it. 

803.  Red  qnartzose  syenite  from  an  old  quarry  of  Breen  &  Young, 
E.  St.  Cloud.  In  general  the  '*red  granite*'  at  E.  St.  Cloud  is  but  a 
small  part  of  the  whole  of  the  rock. 

Between  the  quarry  of  Breen  &  Young  and  that  lately  opened  by 
Saulpaugh  &  Co  ,  is  a  ridge  of  high  land  running  E.  and  W. '(nearly), 
which  seems  to  consist  of  drift  materials. 

SOi.    Gneiss,  from  Granite  City.     (Garrison.) 

805.  Light  colored  syenite,  Watab,  like  No.  801,  but  rather  finer  in 
grain. 

806.  Light,  red  syenite,  Watab. 

These  last  two  numbers  represent  the  stone  going  into  the  piers  of 
the  Bismark  R.  R.  bridge,  quarried  here  also  by  Saulpaugh  &  Com- 
pany. The  gray  is  changed  to  the  red  in  an  interval  of  about  six 
inches.  The  north  portion  of  the  quarry  is  red,  and  the  rest  is  gray. 
These  two  numbers  seem  to  duplicate  numbers  801  and  803.  This 
range  of  syeaite  runs  N.  and  S.  at  least  two  miles,  and  some  of  the 
knolls  rise  10  to  20  feet.  East  of  this  quarry  are  said  to  be  similar 
knolls,  some  of  them  rising  25  or  30  feet.     (V.  No.  835.) 

At  Duluth  the  rock  No.  43,  which  outcrops  near  the  railroad  in  the 
street  in  front  of  the  Engine  House,  where  it  has  been  quarried  lately 
for  use  in  the  basement  of  the  new  School-House,  and  extends  N.  E.  to 
the  falls  of  Kinichigaquag  creek,  makes  an  important  member  of  the 
rock  series  visible  on  the  hill-slope  at  that  point.  Much  of  it  is  bare* 
north-east  of  the  Engine  House,  within  the  limits  of  the  city,  show- 
ing, on  weathering,  a  finely  and  indistinctly  porphyritic  structure, 
l>nt  in  the  main  it  is  a  massively  bedded,  homogeneous,  dark  rock, 
vith  numerous  joints,  the  surface  being  frequently  glaciated. 

S07.  Passing  toward  the  N.  W.  from  the  line  of  strike  of  No.  43, 
and  thus  onto  rocks  underlying  No.  43,  at  the  distance  of  about  one- 
foQrth  mile,  (but  also  somewhat  to  the  westward)  a  rough,  blotched 
rock  is  found  spreading  over  a  considerable  area,  running  in  the  same 
general  direction  as  No.  43.  This,  in  general  color,  is  like  the  last,  but 
it  is  much  finer  in  grain,  and  owing  to  its  rough  and  blotched  exterior 
luider  the  weather,  it  must  have  been  a  conglomerate  .at  first.  Were 
it  not  for  this  blotched  exterior,  which  shows  a  variation  in  composi- 
tion, it  would  be  placed  at  first  in  the  general  class  of  fine  basalt,  or 
diabase — like  some  of  the  narrow  dykes,  or  like  the  rock  adjacent  to  a 
dyke  where  the  heat  has  baked  it  and  allowed  it  to  cool  rapidly,  leav- 
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ing  it  nearly  black  and  very  fine-grained.  This  conglomerate,  while 
closely  connected  with  the  gabbro  range,  is  unlike  anything  seen  in 
the  Cupriferous,  and  recalls  the  great  conglomeraten  of  Ogishke  Muncie 
lake,  although  no  tendency  to  slatiness  can  be  seen  anywhere.  It  hji> 
occasional  light  quartzose  nodules,  somewhat  micaceous,  but  the  most 
of  the  pebbles  are  of  the  color  of  the  rock,  except  on  weathering.  In 
other  places,  by  reason  of  the  weathering,  and  the  fires  that  have  pre- 
vailed, a  red  banding  is  seen  rudely  conformable  with  the  sui)pose<l 
bedding,  which,  on  being  broken  reveals  a  texture  and  fracture  as  well 
as  color  and  hardness,  of  the  quartzytes  of  Pigeon  Point.  This  No. 
(807)  illustrates  this  gray  quartzyte,  but  not  the  general  character  of 
the  conglomerate. 

808.  Underlying  this  supposed  conglomerate  is  the  red  syenite,  or 
at  least  a  red  quartzless  rock,  (which  is  sometimes  brown  rather  than 
red)  which  is  associated  intimately  with  the  gabbro  at  Dulutli.  This 
red  rock  is  to  be  seen  in  irregular  patches  in  the  gabbro  on  the  hill- 
side; and  by  carefully  following  it  downward,  it  is  seen  to  outcrop 
along  the  bottom  of  the  creek  in  such  proximity  to  the  conglomeratic 
with  a  dip  S.  E.  as  to  throw  it  under  the  conglomerate,  unless  there 
be  in  some  way  unusual  irregularity  in  the  trend  and  extent  of  these 
beds.  The  red  rock  is  visible  under  the  bridge,  and  above  it  in  the 
creek,  on  the  diagonal  road  going  N.  toward  the  Weller  Farm,  y«t 
within  the  limits  of  Duluth.     (V.  Nos.  42  and  43.) 

By  following  the  strike  of  the  red  rock  westwardly  the  following 
facts  can  be  ascertained  by  anyone : 

1.  It  falls  away,  except  on  the  higher  slopes,  or  breaks  away  so  as 
to  disappear,  for  the  distance  of  about  half  a  mile,  though  a  lower 
strike  appears  near  Superior  street.     (No.  42.) 

2.  This  interval  is  followed  by  a  rock  showing  orthoclase  in  tlio 
gabbro,  as  well  as  quartz,  as  in  the  rock  at  the  Depot,  (No.  6);  and  in 
the  lower  slopes  N.  E.  of  the  the  Rice  Point  quarr}',  this  character  is 
abundant.  This  seems  to  be  explicable  on  the  hypothesis  that  the 
gabbro  flowed  over,  fused  and  mingled  intimately  with  the  red  rock. 
But  it  may  be  of  a  lower  rock  horizon,  referable  to  the  horizon  of  tht^ 
diorytes  and  their  associates  in  the  rocks  of  the  northeast  angle  of  tht 
State.    (V.  Nos.  671  and  709.) 

3.  This  **red  rock"  which  is  in  much  of  its  area,  quartzless,  be- 
comes the  red  syenite  that  has  been  described  as  mingled  with  tht 
gabbro,  then  showing  quartz.*    This  is  probably  due  to  the  complete 

♦See  Proeeedinfff  of  the  American  Aitodation  for  the  Advancement  of  Science,  1^1,  Clncianat 
Meeting. 
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fusion  of  the  original  sedimentary  beds,  allowing  the  otherwise  invisi- 
ble quartz,  disseminated  cryptomerously,  to  become  aggregated  in 
crystalline  grains.  At  points  more  distant  from  the  gabbro  the  only 
crystals  to  be  seen  consist  of  orthoclase,  or  of  orthoclase  and  changed 
hornblende.  The  number  SOS  represents  the  complete  crystallization 
of  the  elements,  and  is  from  Newson's  old  quarry,  at  Duluth,  while 
Nos.  7  and  42  are  from  the  same  withoyt  the  crj'stallization  of  the 
quartz. 

Owing  to  the  great  general  resemblance  of  the  conglomerate  (above) 
in  its  matrix  at  least,  to  the  rock  No.  43,  which  is  seen  in  front  of  the 
Engine  House  at  Duluth,  and  which  overlies  the  conglomerate  there  is 
reason  to  suppose  that  they  belong  together,  and  that  hence  they  are 
both  or  the  metamorphic  series.  If  the  red  rock  be  of  the  cupriferous, 
these  must  be,  since  the  former  runs  below  the  latter.  The  question 
then  arises,  why  is  this  dark-blue  or  black,  and  the  red  rock  red. 
This  cannot  be  due  to  greater  heating  and  baking,  which  sometimes 
has  been  the  cause  of  black  rocks,  locally,  as  described  on  the  Lake 
Superior  shore,  in  No.  52,  and  at  other  points,  since  under  such  cir- 
cumstances the  red  rock  remains  red.  Hence  this  seems  to  be  due  to 
difference  of  original  constitution,  making  it  resemble  the  rocks  of  the 
Aniniikie  Group. 

809.     At  Boyle's  quarry,  on  the  railroad  above  Fond  du  Lac,  is  a 
layer  of  red  shale,  lying  in  the  heavy  sandrock,  which  is  much  like 
the  pipestone  from  Pipestone  county.    Its  greatest  thickness  is  sixteen  . 
inches,  and  it  extends  at  least  thirty  feet,  when  it  disappears  under  . 
the  drift  clay. 

At  the  quarry  on  Mission  Creek,  a  short  distance  above  Fond  du 
Lac,  in  the  light-colored  jmrts  of  the  sandrock  are  streaks  and  shades  of 
red  or  brown,  both  in  those  parts  having  oblique  sedimentation,  and 
in  those  having  horizontal.  In  some  cases  these  dark  streaks  embrace 
lenticular  pieces  of  shale,  in  which  case  the  central  parts  of  the  pieces 
embraced  are  red  or  brown,  and  the  outer  crust  is  green.  In  some 
pieces  the  whole  is  green,  or  has  a  very  faint  central  shade  of  red.  On 
the  contrary  in  the  brown  parts  such  red  or  brown  lumps  of  shale  are 
wholly  brown,  and  have  no  crust  of  green.  This  seems  to  show  that 
the  original  color  of  the  shale  lumps  was  red  or  brown,  and  that  by 
some  chemical  reaction  those  in  the  lighter  beds  of  the  formation  have 
become  wholly  or  partly  green.  Thus,  green  specks  and  sometimes 
large  green  spots,  at  least  green  lumps  of  shale,  are  disseminated 
through  the  lighter  beds,  and  red  lumps  through  the  dark  brown  beds. 
810.     Coarsely  crystalline  "feldspar  rock"  from  two  and  a  half  or 
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three  miles  below  Beaver  Bay,  sliowiug  coarse  lumiuatiou,  ami  evi- 
dent striation.     (V.  No.  814.) 

811.  **Red  granite,*'  massive,  from  the  hirge  red  granite  island 
three  or  four  miles  below  Beaver  Bay  which  is  arched  on  the  lakeward 
side. 

812.  The  **palisade  rock,"  two  miles  west  of  the  Palisades,  S.  E.  \ 
Sec.  32,  T.  56,  7  W.,  resembles  the  gray  slaty  rock  at  the  mouth  of 
Beaver  Creek.  In  some  places  the  Palisade  rock  here  has  the  appear- 
ance of  being  crumpled,  and  also  of  having  been  originally  in  some 
places  a  conglomerate.  Another  bluff  of  light-colored  Palisade  rock 
occurs  about  one  and  one-half  miles  west  of  the  Great  Palisades.  The 
trap  rock  which  occupies  the  coast  between  here  and  the  Great  Pali- 
sades, runs  under  this  Palisade  rock  toward  the  west.  It  shows  a 
broken  and  zigzag  line  of  junction  with  the  palisade  rock,  parts  of 
each  i)enetrating  the  other,  as  if  each  were  nearl}^  molten.  A  little 
further  west  it  also  embraces  masses  (sa}'  ten  feet)  of  the  palisade 
rock,  hardened  and  blackened  by  quick  cooling,  showing  its  sedimen- 
tary (or  other)  closely  jointed  structure  in  marked  contrast  with  the 
massive  or  heavily  bedded,  n  on -conforming  layers  of  the  trap.  (V. 
No.  52.) 

The  west  end  of  the  Palisades  rises  over  the  greenish  and  reddish 
(and  then  amygdaloidal  or  red  porphyritic)  trap,  very  plainly. 

813.  (V.  140)  The  lowest  visible  part  of  the  rock  at  the  Great 
Palisades,  is  confused  and  crumpled,  in  the  same  manner  as  where  this 
rock  is  in  contact  with  trap  a  short  distance  further  west,  as  noted 
above.  Yet  it  is  very  difficult  to  see  the  underlying  trap,  cm  account 
of  the  continuous  heavy  talus.  This  number  represents  the  red  banded 
felsite  from  the  bottom  of  the  Great  Palisades. 

There  is  apparently  a  continuous  belt  of  this  rock  underlying  the 
Palisades,  outcropping  in  a  narrow  belt  near  the  water.  It  is  mingled 
in  various  ways  with  a  crumpling  of  banded  rock  like  that  of  the  bulk 
of  the  Palisades  (139),  and  with  crumpled  bands  of  light  color,  rjouie 
of  which  stand  verticle,  or  are  curved  obli(|uely,  some  of  the  latter 
showing  a  porous  or  even  a  spongy  condition  due  to  the  solution  and 
removal  of  some  of  the  minerals.  There  is  also  a  hard,  dark,  brittle, 
fine  felsite,  though  porphyritic  like  the  rest,  but  occurring  in  nodules 
and  concentrically  banded  masses  which  endure  more  effectually  the 
weather.  They  seem  a  more  hard-heated  and  burnt  condition  of  the 
Palisade  rock.  Indeed  great  confusion  exists  at  the  bottom  of  the 
Palisades,  due  perhaps  to  the  forcible  injection  (as  laccolites)  of  igne- 
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ous  rock  below,  breaking,  crumpling,  baking,  fusing  and  metamorphos- 
ing rapidly  the  adjacent  beds.* 

814.  There  is  one  place  two  and  one  half  or  three  miles  east  of 
Beaver  Bay,  where  the  "Feldspar  rock"  is  bedded,  and  dips  easterly,  in 
all  respects  like  the  usu'al  trap  of  the  shore.  It  here  shows  also  a  con- 
fused mixture  with  the  trap,  in  which  in  other  places  it  seems  to  be 
(and  is)  embraced  as  isolated  masses,  as  at  Splitrock  Point.  This 
bedded  condition  is  very  evident  in  coming  from  the  N.  E.  as  the  con- 
spicuous surface  slopes  in  that  direction.  Narrow  dykes  of  fine- 
grained, gray  doleryte  cut  the  feldspar  rock.  One  dyke  is  six  inches 
wide,  and  one  is  about  nine.  They  are  about  parallel,  25  feet  apart 
and  run  E.  and  W.  by  compass.  The  feldspar  here  is  very  coarsely 
crystalline  and  is  represented  by  No.  810.  The  alternate  beds  consists 
of  bands  of  coarse  crystals,  succeeded  by  layers  of  fine  crystals  in  which 
are  also  numerous  grains  of  a  more  rapidly  disintegrating  mineral 
which  by  becoming  disseminated  stains  the  whole  of  a  green  color. 
This  disintegrating  mineral  seems  to  take  the  place  of  the  augite  seen 
in  the  gabbro,  therefore,  the  bedding  is  an  alternation  of  gray,  coarse 
feldspar,  with  green,  decaying  gabbro.  No.  814  represents  the  felds- 
par stained  with  the  green-weather  tug  mineral.  The  bands  of  color  are 
from  three  to  six  inches,  fading  into  the  uncolored,  clear,  feldspar, 
above  and  below.  About  20  feet  of  this  bedded  feldspar  can  be  seen 
here.     (V.  694.) 

815.  From  the  same  place  as  814,  represents  the  gabbro  of  more 
massive  character  with  which  the  feldspar  (810  and  814)  is  confusedly 
mixed,  but  between  which  there  is  not  seen  here  any  gradual  transi- 
tions. 

From  the  Palisades,  (and  Baptism  river)  to  Splitrock,  is  one  great 
igneous  bed,  which  by  appearing  and  disappearing  a^  the  waterline, 
seems  to  have  been  the  principal  agent  in  bringing  out  the  geology  and 
causing  topography.  It  lies  under  the  rock  of  the  Palisades,  and  under 
the  red  islands  &c.,  as  at  Beaver  Bay,  and  over  the  feldspar  knobs,  from 
both  of  which  it  has  derived  fragments.  The  metamorphosed  red 
shales  above,  making  the  red  series  of  crystalline  and  semi-crystalline 
rocks  of  the  shore,  were  apparently  brought  into  that  condition  by 
the  agency  of  this  igneous  rock,  but  the  relation  of  this  igneous  rock  to 
the  **fehlspar  rock"  is  not  so  easily  ascertained.  It  is  certain  that  the 
gabbro  of  Rice's  Point  is  only  the  usual  condition  of  the  feldspar  rock, 


•The  Immediate  proarimlty  of  igneou«  rock,  along  the  const  asunlly,  does  not  show  the  most  perfectly 
changed  and  crystalline  condition  of  the  sedimentaries.  nor  vice  vena',  bat  when  large  bodies  of  either 
are  involved  the  crystnln  are  bes^t  formed  The  immediate  contact  Is  a  place  of  cr>'pto-crystalllue  rock, 
both  rocks  tending  to  suddenly  become  alike,  and  generally  almost  or  quite  black. 
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and  hence  that  the  gabbro  range  of  which  Rice  Point  is  the  western 
termination,  lies  below  many  feet  of  red,  metamorphic  sedimentary 
beds  that  apparently  belong  to  the  Cupriferous. 

816.  (V.  532  and  551.)  Pieces  of  rock  like  the  **Rice  Point  granite,'' 
embraced  with  evident  feldspar  boulders  also,  in  the  trap  at  Beaver 
Bay,  sometimes  in  large  blocks.  This  seems  to  be  the  same  rock  as 
the  * 'feldspar  rock"  or  a  variation  from  it.  Indeed  there  are  here  also 
masses  of  coarsely  crystalline,  green,  trap-rock  embraced  as  isolated 
blocks,  in  the  finer  green  trap.  The  gabbro^  and  the  ''feldspar  rock" 
all  pre-existed ^  and  bore  the  same  relation  to  an  outflow  of  later  igneous 
rock.  This  point  shows  a  wonderfully  ccmfused  and  brecciated  condi- 
tion prior  to  the  final  cementation. 

The  red  rock  appears,  at  Beaver  Bay,  as  pebbles  and  boulders  in  the 
dark  trap,  and  as  strings  and  veins.  It  is  in  contact  with  masses  of 
feldspar,  crowded  between  it  and  trap.  The  spots  and  masses  of  red 
rock  are  distributed,  in  some  cases  with  pieces  of  the  feldspar  rock, 
throughout  the  trap,  showing  the  accession  of  both  ingredients  when 
the  trap  was  molten,  and,  even  contemporaneously.  The  "feldspar 
rock"  is  derived  from  previously  hardened  outflows,  and  the  red  rock 
from  the  sedimentaries  at  the  locus  of  the  outflow.  It  is  true  that  a 
long  interval  of  time  may  have  elapsed  between  the  former  and  the 
later  outflows;  or  indeed  that  the  "feldspar  rock"  is  of  an  entirely 
different  formation  earlier.  Any  older  formation  might  furnish  loose 
masses  to  an  outflow  of  trap. 

The  interesting  facts  about  Beaver  Bay  may  be  summarized  thus : 

Ist.     The  feldspar  masses  are  blocks  detached  from  their  parent  rock. 

2nd.  The  trap  in  which  they  are  embraced  is  in  some  places  much 
affected  by  the  infusion  of  minerals  from  the  sedimentaries,  and  then 
shows  a  reddish  color,  but  it  is  generally  of  a  greenish  or  greenish 
black  color. 

3rd.  Besides  this  effect  on  the  trap,  as  seen  near  the  mouth  of  the 
creek  on  the  north  side,  there  are  included  masses  of  red  syenite,  and 
of  the  ashen-brown,  or  purple,  rock  seen  near  the  mouth  of  the  creek. 
(Nos.  127  and  528.) 

4th.  These  red  masses  are  sometimes  in  contact  with  and  firmly 
cemented  as  by  fusion  to  the  feldspar  surfaces,  and  also  show  a  basal- 
tified  jointage. 

5th.  The  red  syenite  here  can  hardly  be  called  syenite  in  all  cases, 
but  is  instead  a  nearly  black  (at  least  a  dark  purplish)  fine-grained  rock 
which  in  outward  characters  resembles  the  Two  Harbor  rock,  but  at 
the  same  time  shows  translucent,  angular  grains  like   the   Palisade 
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rock.    This    fine-g^rained  condition  is  seen  when  it  is  near  the  rotting 
green  trap. 

6th.  The  red  syenite  here  was  apparently  at  first  a  red  conglomer- 
ate, showing  the  irregularities  of  color,  hardness  and  minerals  that 
such  a  metamorphism  produces. 

7th.  There  is  within  a  few  inches  a  passage  from  the  red  crystalline 
characters  of  the  bluff  on  the  south  side  of  the  creek  to  those  of  the 
aboYe  fine-grained  black  rock,  the  rock  being  one  continuous  mass. 

8th.  The  red  rock  is  not  only  a  metamorphosed  conglomerate,  but 
it  was  brecciated  and  then  mingled  with  the  trap  so  that  angular  pieces 
appear  in  the  trap  when  worn  off  by  glaciation. 

9tL  The  red  rock  was  fluidized.  It  runs  about  in  belts  and  veins, 
not  only  between  the  trap  and  the  * 'feldspar  rock",  and  through  the 
trap,  but  also  through  the  "feldspar  rock." 

10th.  The  feldspar  rock  here  passes  into  gabbro,  or  at  least  into  a 
rock  like  the  Rice  Point  rock,  and  then  it  is  more  generally  mixed 
with  the  red  rock. 

11th.  On  close  examination  it  appears  that  even  as  "feldspar  rock" 
it  must  have  been  as  completely  molten  as  the  red  rock  itself. 

12th.  This  red  rock  also  appears  as  the  palisade  rock,  rising  in  a 
knob  near  the  creek,  on  the  north  side,  with  the  lithologic  characters 
and  jointage,  and  translucent  grains  of  that  rock. 

13th.  Under  this  knob  lies  a  rotting  green  trap,  visible  on  the 
north  side.  A  little  further  east,  but  within  the  bay,  this  green  trap, 
although  basaltified,  is  beautifully  mottled  and  striped  with  the  red 
rock. 

14th.    Still  further  east,  on  the  north  shore  of  the  bay,  the  green 
trap  holds  both  red  masses  of  the  sedimentaries  and  white  masses  of 
the  feldspar  rock,  the  latter  being,  however,  more  nearly  like  the 
Rice  Point  rock,  at  least  in  some  large  masses — yet  much  of  it  is  un- 
mixed and  clean  feldspar. 

The  above  observations,  carefully  made  at  Beaver  Bay,  seem  to  de- 

%  cide  certain  points  that  before  were  largely  hypothetical,  or  were  based 

*on  generalizations  from  a  grand  review  of  the  geology  of  the  "north 

shore,"  and  not  on  si^ecial  and  minute  study  of  the  notes  made  or  of 

the  specimens  collected. 

CL)  The  Great  Palisades  are  of  a  rock,  the  equivalent,  geologically, 
of  tie  slaty  quartzyte  (Nos.  127  and  528)  at  Beaver  Bay  and  below 
that  point;  and  to  the  red  syenite  of  the  islands  below  Beaver  Bay, 
and  of  the  west  bluff  of  Beaver  Bay;  and  to  the  red  (often  quartzless) 
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rock  associated  with  the  gabbro  at  Duliith.  These  beds  also  consti- 
tute the  red  bluffs  at  Tischer*s  and  New  London,  as  well  as  the  red 
rocks  at  Baptism  river,  and  the  eastern  palisades.  In  a  number  of  in- 
stances the  bottom  of  this  great  red  (metamorphosed)  shale  has  been 
found  to  be  a  conglomerate. 

(2.)  The  feldspar  masses  are  of  the  same  rock  (geologically)  as  the 
Rice  Point  gabbro,  and  both  are  the  result  of  copious,  and  perhaps 
one  of  the  earliest,  igneous  outflows  of  the  Cuprifenma.  The  more 
copious  the  igneous  outflow,  the  coarser  the  resulting  crj'stalizatiou 
and  the  higher  the  hills  formed,  as  well  as  the  purer  the  labradorite 
material.  The  later  outflows  derived  fragments  from  the  **clinker 
fields*'  and  from  the  knobs  of  feldspar  already  formed,  as  they  passed 
along;  and  when  these  had  been  covered  by  later  sedimentation  such 
sedimentary  beds  were  also  involved  in  the  later  upheavals  and  fusions. 
(V.  No.  817.) 

(3.)  It  seems  as  if  an  igneous  outflow, — perhaps  the  great  labradc- 
rite — was  thrust  laterally  under  the  sedimentary  beds  that  went  to 
form  the  palisades, heaving  up  those  beds,  and  sometimes  fusing  them, 
and  mingling  with  them,  as  seen  near  New  London  and  at  Beaver 
Bay,  though  no  such  evidence  can  be  cited  to  show  the  laccolite  for- 
mation in  later  strata.     (V.  No.  521.) 

It  must  be  admitted  that  it  is  not  at  all  certain  that  the  labradoritt' 
outflow  was  the  earliest,  so  far  as  the  observations  go.  It  is  simply 
the  most  conspicuous,  and  seems  to  lie  nearest  the  Huronian.  Besides 
this  it  is  still  a  question  whether  the  green  basaltic  traps,  as  at  the 
east  side  of  Beaver  Bay,  and  as  that  coming  out  from  under  the  Great 
Palisades,  or  the  melaphyr-like  traps  as  at  Petit  and  Grand  Marais,  can 
be  shown  to  pass  into  the  gabbro  without  the  intervention  of  any 
change  but  difference  of  proximity  to  the  center  of  outflow.  It  is 
probable  that  such  a  gradation  can  be  shown,  the  rock  at  Knife  River 
Point  being  an  intermediate  step,  and  that  at  Encampment  Island  an- 
other. 

To  illustrate  the  steps  in  the  change  from  the  feldspar  rock  to  th<- 
gabbro,  reference  may  also  be  made  to  several  large  masses  lying  in 
the  water  near  the  red  bluff  at  the  west  point  of  Beaver  Bay  on  thi* 
east  side  of  the  bluff. 

817.  Hardened  shale,  from  a  brecciated,  semi -metamorphosed  red- 
dish conglomerate  at  Two  Harbor  Bay,  lying  immediately  over  the 
Two  Harbor  rock,  and  immediately  under  heavy  green  dolery  te  con  - 
taining  masses  of  feldspar,  (V.  No.  525.)  This  shale  is  charged  with 
laumontite.     Certain  blotches  are  charged  with  it,  particularly  in  the 
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form  of  amygdaloid,  the  cavities  being  about  one-fourth  inch,  and 
less,  in  diameter.  The  blotches,  or  spots,  make  up  sometimes  the 
most  of  the  rock.  They  are  without  any  order  of  arrangement.  Iii- 
tercallated  amongst  them  are  laminated  patches  and  seams  of  red  ma- 
terial whicli  is  fine-grained,  and  was  probably  a  shale  at  first,  dis- 
seminated amongst  a  coarse  conglomerate  in  the  same  manner  as  shale 
is  often  seen  disseminated  throughout  a  conglomerate,  (as  at  Manitou 
river);  the  laminae  being  parallel  with  the  general  dip.  Of  this  con- 
glomerate breccia  thirty -five  feet  are  to  be  seen. 

The  bottom  of  the  overlying  trap  is  a  perfect  pudding-stone  of  pieces 
of  gabbro  and  feldspar  masses.  The  largest  mass  of  **feldspar  rock" 
at  the  point  east  of  Two  Harbor  Bay  shows  a  bedded,  at  least  a  banded, 
structure  running  nearly  perpendicufar  from  top  to  bottom,  similar  to 
that  described  east  of  Beaver  Bay  (No.  814.)  It  is  crossed  obliquely 
by  an  old  dyke,  which  dyke  is  faulted,  about  midway  of  the  blufi^, 
about  two  feet.  A  small  dyke  also  runs  near  the  water  about  horizon- 
tal, derived  from  the  trap  at  the  left  which,  near  the  water,  seems  to 
run  below  the  feldspar.  This  lower  part  of  the  trap  holds  a  piece  of 
the  red  syenite,  near  the  water  level. 

As  to  the  "Two  Harbor  rock,"  its  character  and  origin  are  still  to 
be  determined  by  more  minute  examination  of  the  samples  collected, 
and  by  further  field  observations.  It  has  been  referred  to  as  a  me- 
tamorphic  rock,  in  some  of  these  notes,  but  it  has  also  very  much  the 
aspect  of  a  fine-grained,  igneous  rock.  It  has  the  jointage,  as  well  as 
the  general  homogeneity  of  trap,  and  the  red  bands  crossing  it,  and 
the  geodic  spots  seen  on  its  surface,  perhaps,  have  originated  from  the 
overlying  sedimentarj'  conglomerate.  It  does  not  have  the  appearance 
of  being,  exactly,  the  equivalent  of  the  quartzless  red  rock  at  Duluth, 
but  it  must  occupy  very  nearly  the  same  stratigraphic  position. 

818.  On  the  east  side  of  Splitrock  Point  is  a  grand  pudding-stone 
of  feldspar,  gabbro  and  dark-trap  masses  cemented  still  by  a  dark  trap. 
The  most  of  the  so-called  feldspar  here  is  really  gabbro,  very  mucli 
like  the  Rice  Point  rock.  This  number  is  from  such  gabbro-like 
pieces. 

Ejist  of  this  point,  but  within  the  same  bay,  are  feldspar  masses  that 
show  the  green  banding  or  bedding.  Thefbands  run  nearly  perpen- 
dicular. The  lighter-colored  bands  are  much  more  coarsely  crystalline 
than  the  darker,  which  is  also  true  at  the  point  two  and  a  half  or  three 
miles  east  of  Beaver  Bay,  (814.)  This  is  also  cut  by  dykes  and  gener- 
ally mingled  with  the  matrix  of  dark  trap  in  great  confusion. 
S19.    From  the  top  of  the  high  hill  back  of  Silver  Creek— the  high- 
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est  hill  near  the  mouth  of  the  creek,  yet  on  the  west  side,  rising  415 
feet  above  the  lake,  tliough  at  a  mile  further  back  it  rises  perhaps  150 
feet  higher. 

At  Flood  Bay  (next  east  of  Burlington  Bay)  are  frequent  slabs  of 
laumontitic  sedimentar}-  shale  strewn  on  the  beach  on  the  east  side. 
They  are  at  the  same  time  sandy,  of  a  brick  red  color,  with  spots  of 
lighter  red,  and  of  green,  like  the  Fond  du  Lac  sandstones  The 
amygdules  consist  of  calcifce  and  laumontite,  but  principally  the  former. 
Some  of  these  slabs  have  distinct  markings  of  fucoidal  stems,  some  of 
them  being  large  and  long.  As  these  slabs  ate  evidently  from  the  for- 
mation that  forms  the  shore  line  generally,  though  where  they  are 
found  no  rock  bluff  is  exposed,  they  unmistakably  prove  the  sedimen- 
tary origin  of  the  red  laumontitic  amygdaloids  so  common  on  tlie  north 
shore,  in  another  line  of  evidence. 

820.  Trap  rock,  at  the  railroad  cut,  Taylor's  Falls.  This  is  cr^'S- 
talline,  tough,  greenish  with  that  internal  structure  that  Prof.  Pump- 
elly  assigns  to  melaphyr,  i.  e.  there  are  almost  irai)erceptible  forms  of 
crystals  that  permeate  the  rock,  and  are  so  completely  filled  with  the 
other  constituents  of  the  rock  that  they  do  not  appear  distinctly  till 
the  rock  is  weathered.  They  are  generally  about  one-third  or  one- 
fourth  inch  in  diameter,  but  they  do  not  show  any  angles,  and  they  do 
not  have  the  color  of  pyroxene.  When  they  are  distinctly  brought 
out  they  are  seen  as  spots  that  completely  speck  the  face  of  the  bluff. 
They  disintegrate  more  rapidly  than  the  rest  of  the  rock,  sometimes 
assuming  a  green  chloritic  character  that  causes  them  to  make  little 
pits  as  large  as  a  pea  all  over  the  surface,  due  to  the  more  rapid  re- 
moval of  this  green  mineral;  and  sometimes  the}'  become  gra}'  gradu- 
ally, giving  the  appearance  of  nodules  of  siderite  disseminated  through 
the  whole. 

821.  Shows  the  green-weathered  spots  of  the  rock  No.  820.  The 
change  to  the  geen  mineral  takes  place  at  depths  of  ten  to  twenty  feet 
below  the  surface,  in  the  railroad  cut. 

822.  Shows  the  gray-weathered  spots  of  the  rock  820.  This  takes 
place  nearer  the  natural  surface  of  the  ground,  and  at  the  surface. 

In  No.  820  are  seen  sometimes  small  pebble-like  lumps  of  red  jasper, 
and  larger  deposits  of  chalcedony,  the  latter  sometimes  being  elongated 
lenticularly,  some  like  gash  veins,  four  or  five  inches.  The  chalce- 
dony also  appears  as  pebble-like  masses  and  as  filling  to  scattered 
cavities  somewhat  in  the  manner  of  amygdaloid.  Coating  the  joints, 
which  are  often  slickensided,  is  frequently  a  green  slippery  mineral 
like  delessite.      Sometimes  the  chalcedony  is  more  pure  quartz,  and  is 
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mingled  sparsely  with  calcite.  These  characters  are  those  of  an  igne- 
ous rock,  and  at  the  same  time  this  rock  differs  quite  distinctly  from 
the  gahbro  at  Duluth.  The  jasper  and  chalcedony  recall  the  disserain  - 
ated  red  jasper  and  quartz  pebbles  of  the  conglomerate  at  Ogishke 
Muncie  lake 

823.     Pebbles  from  the  conglomerate  forming  the  lower  part  of  the 
bluff  excavated  by  the  railroad  where  it  crosses  the  highway  south  of 
Taylor's  Falls.     The  bluff  here  is  red-spotted  and  comi)osed  of  a  curious, 
coarse,  conglomerate.     It  is  dark-colored  generally,  looking  some  like 
the  trap  formation  about  Taylor's  Falls,  but  the  jointage  and  the  tex- 
ture are  different      Some  of  the  surfaces  are  variegated  with  coatings 
of  green,  radiated  malachite,  and  some  are  stained  green  without  show- 
ing evidently  the  mineral  producing  the  color.     Some  also  are  nearly 
black  and  some  jasper-red.     It  is  in  some  spots  coarsely  vesicular,  or 
like  pumice,    or  like    amygdaloid.     The   amygdules   received   quartz 
at  first,  (as  shown  by  the  perfect  terminations  of  crystals)  and  subse- 
quently  calcite  and  chlorite.     Some  of  it  is  haematitic,  and  has  a 
streak  of  red.     It  was  here  evidently  a  shale -conglomerate,  but  it  has 
the  appearance  of  having  been  heated  and  hardened,  as  well  as  mixed 
perhaps  with  igneous  matter.     In  some  places  it  is  fine  and  crumbles 
like  a  dry  shale.     In  some  places  its  conglomeritic  composition  ai)pears 
on  weathering,  the  little  rounded  pebbles  (of  hardened  shale,  or  of  fine 
argillaceous  quartzyte),  rolling  out  entire.     The  pebbles  have  a  grefit 
resemblance  to  the  rock  itself,  but  there  are  none  of  quartz.     They 
are  somewhat  changed  by  decay. 

624.  The  upper  portion  of  this  bluff  consists  also  of  a  curious  con- 
glomerate, the  matrix  of  which  is  represented  by  this  number.  It  is 
a  completely  crystalline  dolomite  (apparently,  though  not  yet  anal- 
yzed) which  effervesces  in  acid  when  powdered,  and  which  contains 
foasilsof  Lingube  &c.,  and  nodules  of  course  calcite  crystals.  Every 
grain  is  a  perfect  crystal;  but  in  the  upper  part  of  the  bluff  this  matrix 
becomes  free  from  pebbles,  and  forms  beds  of  dolomite  like  that  seen 
IB  numerous  other  places  along  the  St.  Croix  valley. 

825.  The  great  bulk  of  this  upper  portion  is  made  up  of  boulders 
contained  in  Xo.  824,  of  which  825  is  a  sample.  They  have  been  said 
to  hare  come  from  the  **trap"  of  the  region,  and  perhaps  the}'  do,  but 
they  are  not  like  the  rock  820.  They  are  sub-angular  and  somewhat 
n>tted.  They  are  porphyries,  of  a  green  color,  (now)  or  are  homoge- 
neous, resembling  some  of  the  rock  seen  in  the  Huronian.  It  is  in 
these  boulders  that  the  green  coatings  of  malachite  are  seen. 
This  conglomerate,  which  has  its  lower  portions  quite  different  from 
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the  upper,  can  hardly  be  separated  into  two  by  any  distinct  line  of 
superposition.  The  matrix  of  the  upper  portion  runs  below  parts  that 
resemble,  and  indeed  are  the  same  as  the  conglomerate  of  the  lower, 
while  some  masses  above,  embraced  in  this  matrix,  seem  to  be  like  the 
underlying  conglomerate,  and  crumble  in  the  same  way.  The  lower 
characters  occupy  a  thickness,  visibly,  of  six  feet,  at  the  highway  cross- 
ing, though  in  ascending  the  hill  toward  the  north,  it  probably  in- 
creases, while  the  upper  characters  have  a  thickness  of  probably  75 
feet,  rising  to  the  top  of  the  hill  further  north.  Yet  this  interval  is 
not  all  visible. 

826.  At  the  top  of  the  hill  nortli  from  the  last,  in  front  of  Mr. 
Folsom's  house,  the  rock  820  shows  an  alternate  banding  that  resem- 
bles stratification,  and  would  ordinarily  be  taken  for  that.  This  is  seen 
over  the  surface  of  one  or  two  square  rods.  The  rock  in  general  here 
is  smoothed  off  by  glaciation,  and  this  character  comes  out  distinctly 
on  the  planed  surface.  It  is  less  coarsely  pitted  by  the  weathering 
out  of  the  invisible  crystals  than  at  the  R.  R.  cut.  Indeed  the  band- 
ing that  simulates  that  of  sedimentation,  consists  in  finely  pitted  belts 
on  the  surface  of  the  rock  alternating  with  non-pitted  bands.  The  dip, 
if  this  structure  be  due  to  original  sedimentation,  is  W.  JW.  about  45°  in 
amount,  as  evinced  by  a  thin  layering  that  slopes  in  that  direction,  and 
which  has  a  tendency  to  split  in  beds  from  one  inch  to  six  inches  thick 
coincident  with  this  banding.  The  rock  here  also  contains  chalcedony 
nodules  and  is  scatteringly  porphyritic,  resembling  thus  the  pieces 
found  in  the  upper  portion  of  the  conglomerate.  No.  825. 

The  rock  that  forms  the  rapids  in  St.  Croix  river,  half  a  mile  above 
the  town  of  Taylor's  Falls,  is  essentially  the  same  as  that  in  the  R.  R. 
cut,  but  is  less  coarsely  and  conspicuously  pitted  by  the  weathering 
and  decay  of  the  invisible  crystals  supposed  to  be  pyroxene.  It  is 
more  frequently  supplied  with  quartz,  either  white  or  chalcedonic, 
than  the  other,  and  is  also  striped  with  red  granite,  or  at  least  with  a 
red  mineral  in  blotches  and  vein-like  deposits  like  flesh-red  orthoclase, 
which  is  also  mingled  with  white  quartz.  Along  the  river  gorge  this 
rock  weathers  and  crumbles  globuliferously,  much  like  the  trap-rock 
seen  on  the  north  shore.  It  has  a  course  and  irregular  jointage,  and 
sometimes  a  conchoidal  fracture.  It  is  not  truly  basaltic,  even  in  the 
Dalles,  like  the  basalt  of  Grand  Marais;  yet  there  are  in  some  places 
frequent  perpendicular  joints  that  divide  it  into  columns.  These  are 
cut  nearly  horrizontally  by  other  joints.  Hence  coarse  columns  result 
from  weathering,  which  are  broken  horizontally  into  cuboidal  or 
rhomboidal   masses.     The  banding  which  looks  like  sedimentation. 
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near  Mr.  Polsom's,  does  not  appear  generally, — indeed  is  not  known  to 
occur  at  any  other  place. 

827.  From  the  lower  portion  of  the  conglomerate,  showing  the  con- 
tained pebbles  and  the  matrix  which  seems  to  be  of  the  nature  of 
igneous  rock,  from  the  top  of  the  hill  east  of  the  R.  R.  crossing  of  the 
highway. 

828.  Samples  of  the  finer  part  of  this  conglomerate  where  the 
^^ement  is  not  igneous,  from  the  same  place. 

Concerning  this  conglomerate  certain  things  can  be  definitely  stated, 
viz: 

1.  It  is  extensive,  and  spreads  widely  northwestward,  even  rising  to 
the  tops  of  the  hills  toward  the  shaft  sunk  by  Mr,  Taylor.  It  appears 
in  the  street,  and  in  the  yard  of  W.  H.  Cummings,  where  it  is  so  firm 
and  bold  in  its  outlines,  as  to  appear  to  be  of  the  real  trap  formation  of 
the  region. 

2.  It  contains  waterworn  boulders  and  trap  of  the  region,  some  of 
them  being  porphyries  and  some  not,  thug  showing  the  agency  of  wa- 
ter in  its  origin. 

3.  The  cementing  material  is,  in  the  main  rock,  very  much  like  the 
boulders,  but  finer-grained,  and  sometimes  amygdaloidal,  thus  indicat- 
ing a  possible  igneous  agency  in  the  origination  of  thhse  parts. 

4.  It  is  coarser  in  its  composition  near  the  trap-rock  outcrops  than 
at  a  distance  from  them;  yet  the  superposition  of  the  conglomerate  on 
the  trap  cannot  actually  be  seen. 

A  short  distance  above  Taylor's  Falls,  at  an  old  quarry  in  the  bluff 
of  the  river,  the  upper  part  of  the  conglomerate  is  so  fine  as  to  make  a 
regularly  bedded  rock  about  twelve  feet  thick,  and  passes  for  a  sand- 
Tock.  It  here  contains  Lingulce,  (Discina?)  and  an  occasional  small 
trilobite.  Below  it  becomes  coarser  and  embraces  half-rotted  pebbles 
and  boulders  from  the  trap.  The  matrix  here  also  contains  grit,  some 
of  the  pebbles  also  being  of  quartz. 

On  the  Wisconsin  side  the  trap  is  in  outcrop  in  a  large  ridge  about 
four  miles  below  Franconia,  along  the  road  to  Osceola.  At  Franconia 
the  sandrock  runs  down  to  the  level  of  the  river;  near  the  bottom  it  is 
greenish-blue  and  shaly,  and  sheds  water.  This  shaly  impervious 
stratum  extends  down  the  shore  below  Franconia,  and  is  visible  along 
near  the  water-level  on  the  west  side  of  the  river,  rising  sometimes  ten 
feet  above  it.  On  Lawrence  creek,  near  the  Franconia  Mills,  is  a  bluff 
which  overhangs,  on  account  of  the  crumbling  out  of  the  loose  sand 
below.  In  the  crumbling  part  are  numerous  laminations  of  bluish 
shale  which  cut  the  sand  into  lenticular  beds  or  patches,  and  the  sand 
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itself  is  cross-bedded.     In  the  crumbling  sand  are  thousands  of  little 
Lingulce,  and  Discincp. 

829.  A  mile  and  a  half  below  Franconia  is  an  isolated  bluff,  rising 
45  feet  above  the  river,  composed  of  the  curious  conglomerate  seen  ai 
Taylor's  Falls,  It  here  presents  the  same  mingling  of  characters  that 
may  be  referred  to  igneous  and  sedimentary  origins.  The  great  mass- 
consists  of  trap  boulders,  considerably  rotted,  some  of  which  are  a& 
large  as  a  barrel.  In  the  coarser  portions  of  the  conglomerate  the 
cementing  material  is  a  finer  conglomerate  of  pebbles  of  the  same  kind 
of  rock,  and  in  other  portions  it  is  a  fossiliferous  ferruginous,  gritty  or 

.magnesian  sediment,  the  fossils  of  which  are  the  same  as  those  seen  in 
the  crumbling  sand  at  Franconia,  and  sometimes  apparently  an  amyg- 
daloid. The  change  that  has  taken  place  in  the  original  structure  of 
the  conglomerate  by  partial  decay,  and  perhaps  by  heat,  makes  it 
often  diflScult  to  distinguish  between  the  pebbles  and  boulders,  and  the 
cementing  material.  The  lower  portions,  if  any,  are  those  that  seem 
to  have  been  cemented  by  the  action  of  heat.  A  specimen  was  here 
obtained  of  an  amygdaloidal  part  (of  the  cement  ?)  which  contained 
fossil  shells  within  less  than  half  an  inch  of  the  amygdaloid,  both  of 
which,  were  it  not  for  the  contradiction  involved,  would  be  pronounced 
to  belong  to  the  cementing  material. 

In  conclusion,  judging  from  the  facts  here  recorded,  this  conglom- 
erate shows  evidences  of  some  kind  of  metamorphic  action  in  its  lower 
portions,  but  the  phosphatic  shells  penetrate  far  down  into  it  and 
occur  even  amdngst  the  metamorphic  characters.  The  evidence  that 
this  conglomerate  was  formed  under  water,  even  its  lower  portions*- 
consists  in  the  rounded  forms  of  the  contained  boulders,  while  the 
aqueous  conditions  of  the  upper  portions  are  plainly  shown  by  the 
shells,  and  by  the  fact  that  further  up  in  the  formation  it  graduates  ta 
a  fine  conglomerate  and  to  dolomitic  sand  rock.  (Samples  829  repre- 
sent some  of  the  finer  portions  of  the  conglomerate.) 

830.  At  Sioux  Falls,  Dakota,  may  be  seen  a  light-colored  schist,  of 
a  talcose  character,  and  pea-green  color  fading  to  nearly  white,  similar 
to  that  seen  at  Baraboo  in  connection  with  the  quartzyte  bluflFs.  It 
here  lies  in  the  rock  and  becomes  a  white  catlimite.  Below  the  pres- 
ent level  of  the  water  of  the  dam,  but  formerly  exposed  above  the 
water,  is  a  layer  of  white,  or  pinkish-white  catlinite,  four  feet  thick^ 
embraced  in  the  rock  that  produces  the  falls. 

831.  Samples  of  spotted-red  quartzyte,  like  that  at  Sault  Ste  Marie,. 
Michigan,  and  like  some  parts  of  the  Fond  du  Lac  sandstone,  showing 
a  probable  identity  of  the  geological  horizons  at  those  places.     It  is 
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possible  that  these  light-colored  spots  are  caused  by  the  absorption  of 
the  iron  through  chemical  change,  and  that  by  careful  examination 
the  cementing  material  would  be  found  to  be  feldspathic. 

The  red  quartzyte  formation  at  Sioux  Falls  dips  6  to  8  degrees  to  the 
south.  The  beds  are  purple  within,  especially  the  thick  ones,  but 
toward  the  outside,  and  along  the  joints,  they  are  changed  in  color  to 
a  rose  red,  or  a  pinkish  red.  None  of  the  brick -red,  heavily  iron- 
stained  color  can  be  seen.  The  change  that  takes  place  by  weathering 
not  only  changes  the  color  but  also  the  hardness,  so  that  the  rock  goes 
into  a  loose  sandrock  again  and  crumbles  in  the  hand.  This  takes 
place  to  so  large  an  extent  that  in  suitable  places  it  is  gathered  and 
used  for  mortar.  There  are  also  some  beds  that  are  wholly  now,  (so 
far  as  can  be  seen)  in  this  friable  condition.  The  sand  that  results  is 
a  pure  selica,  nearly  white,  and  translucent,  though  it  is  apt  to  show 
at  first  a  slight  pinkish  tint  rising  from  the  remains  of  the  cement 
among  the  grains.  There  is  visible  here,  of  the  bedding,  fifty  feet, 
(estimated)  and  the  river  goes  over  the  beds  from  south  to  north,  pro- 
ducing a  fine  water  power.  In  one  place  there  is  a  gorge  fifteen  feet 
high  and  from  seventy -five  to  eighty  feet  wide. 

832.  Spotted  (amygdaloidal  ?)  samples  of  the  brick-red  quartzyte 
from  Redstone,  near  New  Ulm. 

833.  Red  shale,  the  lowest  rock  seen  in  the  R.  R.  cut  at  Redstone. 
This  is  four  or  fiye  feet  thick,  the  upper  portions  being  rather  slaty  and 
tough.  Some  of  the  higher  layers  are  sandy  from  disintegration  as  at 
Sioux  Falls,  and  some  are  hard  and  quarzitic,  and  all  are  of  a  darker 
red  color.  Some  beds  are  spotted,  perhaps  from  an  incipient  amygda- 
loidal structure.  Mr.  Nicholas  Thinnes,  who  first  opened  the  quarry 
at  Redstone  in  1857,  avers  that  some  of  the  rock  of  the  formation  here 
is  *'granit,"  the  same  as  some  of  that  at  Little  Rock,  a  fact  which,  if 
verified,  will  unite  the  formation  with  that,  and  will  show  its  analogy 
to  those  tilted  red  semi -crystalline  beds  in  the  northern  part  of  the 
state  (V.  Nos.  783  to  785.)  But  this  crystalline  structure  has  not  been 
seen  at  Redstone  by  any  member  of  the  geological  survey. 

834.  Slab  of  red  quartzyte  from  Sioux  Falls,  showing  the  finely 
pitted  exterior  of  the  individual  sand  grains  on  the  removal  of  the 
white  schist.  No.  830. 

836.  Gray,  coarse-grained  granite,  in  color  much  like  the  gabbro  at 
Duluth,  from  the  E.  St.  Cloud  quarries.  This  was  formerly  used  in 
connection  with  the  rocks  803  and  the  finer  grained  gray  granite  like 
that  at  Sauk  Rapids  indiscriminately  for  construction,  but  owing  to 
its  large  content  of  quartz,  it  has  been  abandoned  for  those  varieties 
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more  easily  wrought.  A.11  these  sorts  are  to  be  seen  in  the  trimmings 
of  the  Custom  House  at  St.  Paul.  But  that  now  generally  used  is  to  be 
seen  in  the  trimmings  of  the  New  Union  Depot,  at  the  same  place. 

836.  The  pink  quartzyte  known  as  the  "jasper  rock'*  locally,  from 
Sioux  Falls,  Dakota.  This  is  a  pinkish  granular  quartzyte,  but  with 
a  cement  that,  on  disintegration,  allows  the  rock  to  become  a  white 
sand. 
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III. 

THE  POTSDAM  SANDSTONE. 


It  is  well  known  that  geologists  are  not  agreed  on  the  question : 
**What  is  the  western  representative  of  the  Potsdam  sandstone  of  New 
York  State?**  The  correct  determination  of  this  interesting  problem 
has  an  important  bearing  on  the  interpretation  of  the  stratigraphy  of 
Minnesota  geology,  inasmuch  as  all  the  different  horizons  involved  in 
the  investigation  are  widely  represented  in  the  State.  Those  horizons 
are  as  follows  in  descending  order  : 

1.  The  light-colored  sandstones  seen  in  the  Mississippi  river  bluffs, 
and  the  bluffs  of  the  St.  Croix,  from  Taylor's  Falls  to  Winona,  con- 
taining species  of  Linguloe  and  trilobites,  generally  distinguished  by 
this  survey  as  the  St.  Croix  Sandstone, 

2.  The  red  and  light-colored  horizontal  sandstones  that  bound  the 
south  shore  of  Lake  Superior  throughout  most  of  Wisconsin,  and 
much  of  Michigan,  extending  from  Sault  St.  Mary  to  Fond  du  Lac, 
holding  fucoids  and  ScoUthus. 

3  The  red  sandstones  and  shales,  with  the  associated  conglomerates 
that  are  involved  with  the  trap-rocks  of  Lake  Superior,  furnishing 
metallic  copper,  lately  known  as  the  Keweenian  formation. 

At  different  places  Nos.  1  and  2  have  been  seen  unconformably  over- 
lying portions  of  No.  3,  and  in  others  No.  3  has  been  seen  passing  into 
No.  2,  or  at  least  into  a  sandrock  that  was  taken  for  No.  2,  while  No. 
2  itself  seems  to  be  the  equivalent  of  beds  that  in  other  places  repre- 
sent No.  1. 

While  it  is  perhaps  impossible  at  this  time  to  state  which  of  these 
three,  or  which  two  of  these  three,  have  the  greater  amount  of  evi- 
dence in  their  favor,  it  will  conduce  to  the  progress  of  the  investiga- 
tion to  ascertain  and  collate  some  of  the  facts  that  bear  on  the  geology 
of  this  disputed  terrane,  and  to  review  briefly  the  progress  of  opinion 
and  investigation  in  the  Lake  Superior  region.  In  the  light  of  late 
explorations  in  the  West,  and  of  late  investigations  in  the  East,  per- 
haps it  will  be  possible  to  reach  more  nearly  a  correct  conclusion  than 
at  any  other  time.     In  the  first  place  it  will  be  well  to  summarize  the 
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opinions  held  by  different  geologists  who  have  expressed  any  opinions 
respecting  the  Potsdam  sandstone  of  the  West.  There  was  a  school  of 
geologists  between  1840  and  1858  who  regarded  the  Lake  Superior 
sandstones  as  not  of  the  Lower  Silurian,  and  some  are  found  even  to 
this  day.  They  were  not  united  among  themselves,  but  were  divided 
between  Jurasso-Triassic,  Devonian,  Upper  Silurian  and  Carboniferous. 
After  the  investiga  ions  of  Dr.  D.  D.  Owen  and  the  report  of  Foster 
&  Whitney,  unprejudiced  geologists  very  generally  accepted  the  con- 
clusion that  they  are  of  the  Lower  Silurian,  and  lately  the  facts  re- 
corded by  Dr.  G.  Rominger  seem  to  place  their  Lower  Silurian  age 
beyond  doubt.  Thus  the  question  is  brought  within  narrower  limits 
and  the  doubt  that  still  exists  perta  ns  only  to  their  exact  horizon  in 
the  Low*er  Silurian,  or  in  other  words,  where  in  the  West  the  Potsdam 
sandstone  is  found.  It  was  until  lately  that  the  same  uncertainty  ex- 
isted within  the  limits  of  an  individual  State,  respecting  the  equiva- 
lency of  beds  in  the  Carboniferous  age  as  they  extended  from  one  side 
to  the  other,*  and  the  problem  was  finally  settled  by  tracing  a  well- 
known  sandrock  formation  from  north  to  south,  and  bringing  all  the 
other  strata  into  order  above  and  below  it.  Perhaps  some  such  pro- 
cess may  be  applied  to  this  question. 

But  before  entering  upon  that  a  glance  may  be  taken  at  the  various 
opinions  that  have  been  held.  These  opinions  may  be  grouped  under 
sixteen  heads,  but  the  present  state  of  knowledge  compels  us  to  ignore 
many  of  these  opinions,  which  reduces  the  groups  to  be  considered  to 
ten.  The  sixteen  groups  are  as  follows,  with  the  names  of  those  who 
have  advocated  them : 

Summary  of  Opinions, 

1.  Those  who  regard  No.  1  as  the  Potsdam  sandstone  -Logan,  White. 

2.  Those  who  regard  No.  2  as  the  Potsdam  sandstone — Logan,  Brooks. 

3  Those  who  regard  No.  3  as  the  Potsdam  sandstone— Rogers  (W.  B.),  Dana, 
Winchcll  (N.  H.). 

4.  Those  wlio  regani  all  of  them  as  the  Potsdam  sandstone — Hall,  Foster,  Whit- 
ney, Winchcll  (A  ),  Dana,  Kloos,  Owen. 

5.  Those  who  regard  Nos.  1  and  2  as  the  Potsdam  sandstone— Whittlesey  Cham- 
berlin,  Irving 

6.  Those  who  r.  gard  Nos.  2  and  3  as  the  Potsdam  sandstone— Hubbard,  Rivot, 
Rogers  (W.  B.),  Whittlesey,  Marvine,  Rominger,  Wadsworth. 

7.  Those  who  regard  the  Ijake  Superior  sandstones  as  Calciferous  and  Potsdam 
—Dana. 

8.  Those  who  regard  the  sandstones  of  Lake  Superior  as  Calciferous — Dana. 

9.  Those  who  regard  the  Lake  Superior  sandstones  as  Potsdam,  Calciferous  and 
Chazy- Logan. 

♦Ohio. 
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10.  Those  who  regard  the  Lake  Superior  sandstones  as  Quebec -Logan,  Hunt, 
Pampelly,  Dana,  HalL 

11.  Those  who  regard  the  Lake  Superior  sandstones  as  Jurasso-Triassic— 
Houghton,  Ruggles,  Jackson,  Shepard,  Rogers  (H.  D.),  Owen,  Marcou,  Dana, 
Bell  (or  Permian). 

12.  Those  who  regard  the  Lake  Superior  sandstone  as  Upper  Silurian — Jack- 
son. 

13.  Those  who  regard  the  Lake  Superior  sandstone  as  Devonian— Locke,  Bigs- 
fiy  and  Baj-field. 

14.  Those  wlio  regard  the  Lake  Superior  sandstones  as  Permian    MacFarlane. 

15.  Those  who  regard  the  trap  and  sandstones  of  No.  3  as  Cambrian— Logan, 
Bigsbj  (Whittlesey  older  than  No.  1). 

16.  Those  who  regard  the  trap  and  sandstones  of  No.  3  as  Huronian — Selwyn. 
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Jour  Sci.,  1843  (1),  XLV,  160;  Proc.  Bos.  Nat.  Hist.,  1864,  II,  1^;  Dana's  Manual 
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321. 

Opinion  Xo.  12.     Proc.  Bos.  Soc.  Nat.  Hist ,  III,  p.  335. 

Opinion  No.  13.  Quar.  Jour.  Sci.  Lond.,  1824,  XVII,  pp.  1-34,  228-269;  Am 
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If  we  discard  those  whose  opinions  make  the  Lake  Superior  sand- 
stones post-Sihiriau,  and  also  those  who  regard  them  as  pre -Silurian, 
of  the  remaining,  by  far  the  greatest  weight  of  authority  falls  on 
proposition  Xo.  6,  which  assigns  Nos.  2  and  3  to  the  Potsdam. 
Proposition  Xo.  4,  which  assigns  them  all  to  the  Potsdam,  follows 
next  in  weight  of  authority. 

In  this  enquiry  it  will  be  necessary  in  the  first  place  to  ascertain  ex- 
actly what  the  Potsdam  sandstone  is  stratigraphically,  lithologically 
and  palaeontologically.  This  will  involve  an  enquiry  into  the  nature 
of  the  formations  that  lie  below  and  above  it  in  Xew  York  and  Xew 
England  Secondly,  it  will  be  necessary  to  ascertain  what  formations 
in  the  West  approach  most  nearly  to  an  equivalency  with  the  same 
horizons. 

1.  What  is  the  Potsdam  of  New  York  and  New  England?  As 
to  the  lithological  characters  of  the  Potsdam  in  New  York  the  follow- 
ing is  from  the  annual  report  of  Dr.  E.  Emmons,  Jan.  1838:  **This 
rock  is  a  true  sandstone,  of  a  red,  yellowish-red,  gray  and  grayish- 
white  colors.  It  is  made  up  of  grains  of  sand,  and  held  together  with- 
out a  cement.  Inter-mixed  with  the  siliceous  grains  are  firner  par- 
ticles of  yellowish  feldspar  which  do  not  essentially  change  the  char- 
acter of  the  sandstone,  but  show  the  probable  source  from  which  the 
materials  forming  it  were  originally  derived,  viz. :  some  of  the  varieties 
of  granite.  Unlike,  however,  most  of  the  sandstones,  it  is  destitute  of 
scales  of  mica.  The  coloring  matter  of  the  rock  is  evidently  oxide  of 
iron,  but  unequally  diflFused  through  it,  giving  it  intensity  or  deepness 
of  color  according  to  its  quantity.  In  some  places  it  is  almost  want- 
ing, which  makes  it,  when  pulverized,  a  good  material  for  glass.  The 
grains  and  particles  in  its  composition  are  generally  angular,  but  where 
it  takes  the  character  of  a  conglomerate,  as  it  does  in  the  inferior 
layers,  they  are  frequently  rounded.     The  thicker  strata  exhibit  an 
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obscurely  striped  appearance,  owing  to  the  prevalence  of  certain 
colors  in  the  different  layers."  In  his  filial  report  on  the  agriculture 
of  New  York  Mr.  Emmons  says  of  this  rock:  **This  sandstone  is  more 
uniform  in  its  characters  than  most  of  the  individual  rocks  in  the 
series.  At  Potsdam  it  is  yellowish-brown ;  at  Moira  and  its  neighbor- 
hood, and  also  in  Mooers,  it  is  nearly  white  and  sandy;  at  Chazy  it 
is  of  a  deep  red  at  the  bottom,  and  gray  towards  the  top,  while  at 
Whitehall,  Corinth,  Hammond  and  near  Glen's  Falls  it  is  gray,  and 
more  or  less  crystalline.  In  many  places  it  is  a  coarse  conglomerate, 
as  at  Mooers  in  Franklin  county,  and  at  DeKalb  in  St.  Lawrence  county. 
It  is  of  course  a  siliceous  rock,  yet  it  does  not  exclude  other  substances 
or  elements ;  for,  a  true  sandstone,  far  from  being  composed  of  pure 
siliceous  sand,  admits  into  its  composition  mica  and  feldspar,  oxide  of 
iron,  and  probably  even  a  greater  variety  of  the  primitive  minerals,  as 
hornblende,  pyroxene,  &c.,  in  a  state  of  fine  division." 

Mr.  Mather,  in  his  final  report  on  the  first  district,  speaks  of  the 
Potsdam  in  the  followdug  terms:  **The  Potsdam  sandstone  is  a  hard 
siliceous  sandstone,  w^hite,  red,  gray,  yellowish,  and  frequently  striped. 
It  is  well  developed  at  Whitehall."  ******  Some  of  the  strata  of 
this  rock  are  covered  with  the  most  beautifully  characterized  ripple- 
marks,  as  perfect  as  if  just  formed  on  the  sand  of  a  sea  beach,  while 
the  rock  is  of  the  most  indurated  kind  of  sandstone."  ♦  *  ♦  ♦ 
"  Fucoidal  impressions  are  also  seen  in  some  of  the  strata  of  this  rock. 
*  *  *  *  *•  It  is  a  hard  stone  to  dress,  and  is  one  of  the  most  durable 
kinds  of  rock."  •  *  •  ♦  "Jn  some  places,  in  its  lower  part  in  partic- 
ular, it  is  a  metamorphic  rock,  having  more  or  less  the  aspect  of 
gneiss,  except  that  mica  is  absent.  Half  a  mile  west  of  Putnam's 
Ferry,  where  it  overlies  granitic  rocks,  it  is  in  an  intermediate  state, 
having  the  general  aspect  of  a  primary  rock,  but  still  shows  its 
rounded  gravel  and  sand."  Mr.  Mather  mentions  other  places  where 
it  has  been  changed  by  metamorphic  agency.  In  the  northwest  part 
of  Clinton  county,  and  in  St.  Lawrence  and  Franklin  counties  the 
lower  portion  of  the  Potsdam  is  a  conglomerate,  which  in  some  places 
reaches  the  thickness  of  300  feet. 

Where  the  formation  appears  in  Vermont  it  runs  in  mono-clinal, 
long  or  short,  sharp  ridges,  and  is  thus  spoken  of  by  Dr.  Edward 
Hitchcock  in  the  first  volume  of  the  final  report  on  the  geology  of  Ver- 
mont, 1861:  **Its  lithological  characters  vary  very  little.  In  conse- 
quence of  a  metamorphic  action  we  reckon  three  varieties : 

1.  Pure  siliceous  sandstone.  , 

2.  Hornblende  schist. 


Digitized  by  VjOOQIC 


128  TENTH  ANKUAL  REPOBT 

3.     Gneiss. 

''The  first  of  the  trio  is  what  is  universally  known  as  Potsdam  sand- 
stone, a  hard,  compact,  thick-bedded  sandstone,  and  perfectly  homo- 
geneous in  structure,  unless  metamorphosed.  Its  color  is  generally 
white  in  the  eastern  part  of  North  America;  it  being  red  upon  the 
shores  of  Lake  Superior."  ♦  *  *  "The  second  variety  cannot  be 
distinguished  from  the  hornblende  schist  which  occurs  among  the  azoic 
rocks  of  Vermont  and  New  York."  ♦  ♦  ♦  ♦  "The  third  variety 
very  closely  resembles  the  Laurentian  gneiss.  It  seems  to  pass  into 
it  by  insensible  gradations.  All  the  constituents  of  this  rock  are  very 
small,  and  occasionally  the  feldspar  or  the  mica  may  be  wanting. 
These  hornblende  schists  and  gneiss  rocks,  indicate  a  change  has 
passed  over  a  part  of  the  Potsdam  sandstone,  analogous  to  the  meta- 
morphism  that  has  so  obscured  the  rocks  of  eastern  Vermont;  for  such 
rocks  as  gneiss,  &c.,  are  not  found,  except  by  the  crystallization  of  the 
constituent  minerals  after  the  accumulation  of  the  sediments."  Dr. 
Hitchcock  also  mentions  veins  of  * 'granite"  in  the  Potsdam  at  West 
Haven,  whose  feldspar  is  labradorite.  At  the  time  of  Dr.  Hitchcock's 
report  the  '*red  sandrock"  of  Vermont  was  not  admitted  within  the 
Potsdam,  nor  was  the  ''quartz  rock"  running  along  the  western  base 
of  the  Green  mountains,  but  an  earnest  discussion  was  then  going  on 
between  Professors  Hall,  Dana,  Emmons,  Marcou,  Billings,  Logan  and 
others,  concerning  the  geological  position,  and  the  actuality  of  any 
such  system  as  had  been  designated  Taconic,  claimed  by  Prof.  Em- 
mons to  lie  directly  below  the  Potsdam :  Vide  Am.  Jour.  Sci  ,  1861,  No. 
91;  and  Can.  Nat.  and  Geol.,  1861,  Vol.  VI,  p.  106. 

2.  As  to  the  palaeontology  of  the  New  York  typical  potsdam.  Prof. 
Hall  reports  in  the  first  volume  of  the  palaeontology  of  New  York, 
besides  Scolithna  linearis,  two  spieces  o{Lingul(p,Yiz :  prima  and  antiqua. 
To  this  list  have  been  added  since  a  species  of  Hyolithes  from  Keeseville^ 
Am.  Jour,  Sci.,  July  1871,  p.  32;  1873,  p.  211,  vol.  5;  imperfect  speci- 
mens of  supposed  Pleurotomaria  and  Conocephalites  minutuSy  from  Keese- 
ville.  The  last  may  belong  to  the  beds  below  the  Potsdam,  as  described 
by  Brooks,  Am.  Jour.  (3)  IV,  22.  In  the  state  of  Vermont  have  been 
discovered  several  species  of  trilobites,  as  well  as  other  species  of  trilo- 
bites  and  brachiopods  at  Troy,  N.  Y.,  (Am.  Jour.  Sci.,  1873,  vol.  VI, 
p.  134;  vol.  XI,  1876,  p.  369.)  But  as  their  position  in  the  formation 
is  still  in  doubt,  while  some  of  them,  especially  those  from  Georgia, 
Vt.  and  Troy,  N.  Y.,  have  been  shown  to  belong  below  the  Potsdam 
in  statigraphical  sequencje,  none  of  them  should  be  embraced  in  the 
fauna  of  the  typical  Potsdam.    At  the  same  time  the  term  Potsdam 
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tas  been  extended  loosely  over  these  strata,  especially  by  those  who 
are  adverse  to  the  Taconic  'yroup  of  Emmons.  (Am.  Jour.  Sci.,  1880, 
vol.  XIX,  p.  152;  Ibid,  1880,  vol.  XIX,  p.  153  and  p.  225.) 

3.  One  of  the  results  of  the  Taconic  discussion  was  the  establish- 
ment of  the  essential  correctness  of  Prof.  Emmons'  claim,  that  beneath 
the  Potsdam  sandstone  was  still  a  fossiliferous  horizon,  which  when 
metamorphosed  constituted  the  roofing  slates  and  talcose  rocks  of 
eastern  New  York  and  northern  Vermont,  though  he  perhaps  extended 
it  without  warrant  over  areas  where  he  had  not  sufficient  evidence  of 
its  actual  continuance.  This  error  however,  no  more  invalidated  his 
claim  to  the  correct  establishment  of  his  system  than  a  similar  sup- 
posed error  in  the  extension  of  the  Hudson  River  rocks  where  they 
were  not  proven  to  exist  in  Vermont,  Massachusetts  and  eastern  New 
York,  destroyed  that  system.  Geol.  Wis.,  1862,  p.  443;  Proc.  Am.  Ass. 
Adv.  Sci.,  1877,  XXVI,  p.  259.  The  palaeontological  investigations 
of  Mr.  Billings,  seconded  by  Mr.  Barrande,  and  of  Mr.  Ford,  have  am- 
ply demonstrated  that  beneath  the  horizon  of  the  Potsdam  sandstone  is 
a  series  of  rocks  containing  a  primordial  fauna,  consisting  of  argilla- 
ceous states,  black  slate,  and  thin-bedded  sandstone  with  some  lime- 
stone. This  formation,  sometimes  known  as  the  Georgia  Group, 
is  probably  the  equivalent  of  the  Acadian  of  Dawson.  According  to 
Brooks,  these  strata,  as  they  occur  at  Keene  Station  in  St.  Lawrence 
Co.,  N.  Y.,  consist  of  magnesian  schists,  crystalline  limestone  and 
saridrock  like  the  Potsdam  but  containing  beds  and  veins  of  granite, 
the  whole  amounting  to  a  mininum  thickness  of  700  feet,  (Am.  Jour. 
Sci.  (3)  IV.  22.) 

4.  /The  fossil  species,  described  bv  Mr.  Ford  from  these  lower  Pots- 
dam, or  Taconic  rocks  near  Troy,  N.  Y.,  are  sixteen,  and  a  portion 
are  identical  with  fossils  from  the  Acadian.  On  the  strength  of 
palaeontological  differences  Mr.  Ford  states  that  he  considers  these 
beds  to  occupy  a  lower  geological  horizon  than  the  typical  Potsdam  of 
New  York,  and  to  be  of  nearly,  if  not  exactly,  the  same  age  as  the 
Georgia  slates  of  Vermont,  and  the  limestones  on  the  north  shore  of 
the  straits  of  Belle  Isle.  The  fauna  he  regards  "wholly  distinct 
specifically  from  that  of  the  upper  Potsdam  of  Wisconsin  and  the  true 
Potsdam  of  New  York,*'  (Compare  Am.  Jour.  Sci.,  (3)  XIX,  152.)  After 
Mr.  Barrande  had  indicated  the  primordial  character  of  the  trilobites 
of  the  Georgia  slates,  and  Messrs.  Billings  and  Logan  had  accepted 
his  suggestion.  Prof.  Hall  also  recognized  the  strength  of  palaeonto- 
logical authority  and  admitted  that  the  Potsdam  of  the  New  York 
survey  was  not  the  true  primordial  base.     This  true  primordial  zone  is 
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characterized  in  America  by  such  trilobites  as  Paradoxides,  Conoceph- 
aluSy  Arionellus,  Conocoryphe,  and  Olenellus. 

6.  If  we  next  inquire  what  formation  lies  above  the  New  York 
typical  Potsdam,  we  shall  find  the  Calciferous  Sandrock  described  by 
Prof.  Emmons  as  follows:— (Final  Rep.)  "Considered  as  a  totality  this 
is  one  of  the  most  heterogeneous  rocks  in  the  New  York  system.  That 
part  which  furnished  the  name  is  well  designated  under  the  descrip^ 
tive  term,  and  is  easily  recognized."  This  is  a  gray  mass  with  spark- 
ling grains  of  lime,  but  an  impure  limestone,  being  mechanically  mixed 
with  fine  grains  of  sand  and  slight  interlaminations  of  argillaceous- 
matter.  Another  variety  is  a  fine-grained  and  blue  limestone,  and 
another  is  red  or  chocolate  colored,  consisting  of  sandstone  slightly 
interlaminated  with  shale. 

Mr.  Mather  thus  designates  this  formation :  "The  rocks  are  calcareo- 
siliceous,  and  sometimes  one  and  sometimes  the  other  predominates^ 
and  gives  character  to  the  rock.  The  water-lined  laminae  of  deposition 
are  very  conspicuous  in  some  of  the  strata  of  the  Calciferous  sandstone. 
*  *  *  *  There  are  numerous  small  patches  where  these  rocks  have 
been  upheaved  and  exposed,  that  are  not  continuous  for  any  consider- 
able distance  *  *  ♦  *^  having  been  fractured  across  and  heaved  out  of 
place  along  faults  transverse  to  the  lines  along  which  the  principal 
disturbances  have  taken  place."  This  formation  in  N.  Y.  lies  under 
the  Chazy  limestone. 

6.  The  fossils  of  the  Calciferous  in  New  York,  as  reported  by  Prof. 
Hall  in  the  first  vol.  of  the  palaeontology  of  New  York  consist  of  the 
following : 

Two  species  of  Pakeophychus. 

One  species  of  Buthotrephis,  Lingula  acuminata,  EiiompJialus  uni- 
angtilatus. 

Two  spiecies  of  Maclurea. 

Two  species  of  Ophileta. 

Two  species  of  Turbo. 

Pleurotomaria  turgida. 

Two  species  of  Orthoceras. 

To  these  Mr.  Billings  has  added  very  many  species  from  the  adjoin- 
ing portions  of  Canada,  including  gasteropods,  brachiopods,  and  cepha- 
lopods.  Of  trilobites  are  fourteen  species  referred  to  the  Calciferous 
viz. :  two  of  Amphian,  six  of  Bathyurus,  one  of  Asaphus,  and  others  of 
Agraulos  and  Conocoryphe.  The  rocks  of  the  Quebec  group,  which  are 
placed  by  Prof.  Dana  above  the  Calciferous,  seem  to  embrace  both 
stratigraphically  and  palaeontologically,  the  whole  range  of  beds  from 

Digitized  by  VjOOQIC 


STATE   GEOLOGIST.  131 

the  base  of  the  second  fauna  to  the  top  of  the  Chazy;  and  over  two 
hundred  and  twenty  species  have  been  described  from  this  group.  But 
their  relation  to  the  Potsdam  is  still  a  matter  of  doubt.  While  strati- 
graphically  they  are  placed  above  the  Potsdam  by  Billings,  Logan, 
Dana  and  Hall,  they  still  have  many  of  the  species  that  have  been 
reported  from  the  western  so-called  Potsdam,  viz. : 

Four  species  of  Leptcena, 

Fourteen  species  of  Orthis. 

Three  species  of  Lingula. 

Two  species  of  Obolella, 

Two  species  of  Stricklandiq. 

Two  species  of  Ecculioinphalus. 

Seven  species  of  Pleurotoinaria. 

Two  species  of  Murchisonia, 

Three  species  of  Ophileta. 

Two  species  of  Holopea. 

Seven  species  of  Metoptonm. 

One  species  each  of  Helicotoma  and  Maclurea. 

Seven  species  of  Orthoceras. 

Six  species  of  Cyrtoceras, 

One  specie  of  Nautilus. 

TRILOBITES. 

Three  species  of  Agnosias, 

Two  of  Arionellus. 

Two  of  Asaphus. 

Eight  of  Bathyurus. 

Tt^  of  Cheirurus. 

Eight  of  Dickelocephalus. 

Three  of  Menocephalus, 

And  one  each  of  Amphion,  Amphyx,  Conocephalites,  HdometopuSy 
IllwnuSy  Nileus,  Shumardia  and  Leperditia.  Mr.  C.  D.  Walcott  has 
also  lately  found  the  following  new  species  in  the  Calciferous  in  Sara- 
toga county.  New  York,  viz. :  Platyceras  minutissimum,  Metoptoma 
cornuta/orme,  Cmocephalites  calciferus,  Conocephalites  Hartii,  Ptychaspis 
speciosus  and  Bathyurus  armatuSy  of  Billings.  He  remarks  that  **the 
occurance  of  a  species  of  the  genus  Ptychaspis,  associated  with  cono- 
cephalites calciferus  and  C.  Hartii — species  related  to  Conocephalites 
Wisconsensis  and  C.  lowensis  of  the  Potsdam  fauna  of  Iowa  and  Wis- 
consin— relates  the  fauna  of  the  Calciferous  formation  of  New  York 
with  that  ol  the  Potsdam  sandstone  of  Iowa  and  Wisconsin.*' 
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We  have  now  stated  the  essential  features  and  the  stratigraphical 
position  of  the  typical  Potsdam  sandstone  of  New  York,  as  given  by 
the  best  authorities,  and  it  will  be  best  to  recapitulate  briefly. 

1.  It  is  a  red  or  gray  loose  sandstone,  often  tilted  or  faulted,  also 
metamorphozed,  and  then  having  the  name  of  quartzyte. 

2.  It  contains  but  very  few  fossils,  three  undoubted  species  being 
the  most  that  can  be  referred  to  it,  but  not  distinctly  primordial. 

3.  It  is  underlain  by  a  series  of  black  slates  and  sandstones,  with 
some  limestones,  which  have  exhibited  in  Vermont,  at  Troy,  N.  Y., 
and  at  the  Straits  of  Belle  Isle,  a  decidedly  primordial  type  of  life. 

4.  It  is  overlain  by  a  formation  which  exhibits  but  few  fossils  in 
New  York,  but  which  in  Canada  holds  a  diversified  fauna,  placed  by 
Barrande,  Billings  and  Logan  near  the  bottom  of  the  second  fauna, 
containing,  among  other  species,  numerous  genera  of  trilobites. 

If  in  the  same  manner  the  formations  of  the  Lower  Silurian  in  the 
west  that  may  possibly  be  the  equivalents  of  these  three  of  New  York, 
be  reviewed,  some  light  may  be  thrown  on  the  question  of  the  paral- 
lelism of  the  New  York  Potsdam  in  its  western  extension. 

1.  The  lowest  formation  known  in  the  northwest,  which  ma}'  be 
parallelized  with  the  foregoing,  is  that  which  Sir  William  Logan  de- 
nominated at  first  the  "Lower  Volcanic  Group,"  and  subsequently  the 
"Kaministiquia  Slates,"  and  which  Dr.  T.  S.  Hunt  has  named  the 
*'Auimikie  Group."  It  is  the  same  as  that  which  contains  the  silver 
mines  of  the  northwest  shore  of  Lake  Superior.  It  is  briefly  described 
in  the  Seventh  Annual  Report  of  the  Minnesota  Geological  Survey.  It 
consists  emphatically  of  slates,  but  it  contains  many  beds  of  gray 
quartzyte,  and  some  of  dolomite.  It  passes  downward  to  the  Gunflint 
beds  of  northern  Minnesota,  and  seetns  to  lie  unconformably  on  the 
formation  that  has  been  accepted  as  the  Huronian.  It  is  cut  by  igne- 
ous dykes,  and  is  interbedded  with  what  appears  to  be  a  diabase  rock. 
No  fossils  have  been  found  in  it.  The  slatiness  of  this  formation  is 
due  to  the  horizontal  sedimentary  lamination,  so  far  as  seen,  and  not 
to  a  superinduced  cleavage.  The  extent  of  this  formation  northwest 
of  Lake  Superior  is  unknown  toward  the  north  but  it  extends  east  and 
west  at  least  one  himdred  and  twenty -five  miles.  It  is  believed  to  oc- 
cur in  Michigan  and  Wisconsin,  since  mention  has  been  made  in  geo- 
logical reports  of  those  States  of  a  "black  slate"  in  the  Potsdam  form- 
ation. Proc.  Am.  Assc.  Adv.  Sci.,  IX,  208;  the  Mineral  Regions  of 
Minnesota — Whittlesey,  1866,  p.  4.  Stratigraphically  this  seems  to 
occupy  the  place  of  the  T&conic  rocks  at  Troy,  N.  Y.,  and  of  the  Geor- 
gia Group  of  Vermont.    Lithologically  it  has  a  close  resemblance,  aud 
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palaeoutologically  the  evidence  of  parallelism  is  simply  negative,  /. 
e.,  as  no  fossils  have  been  found  in  it,  no  comparison  can  be  made  on 
that  basis. 

2.  The  foregoing  formation  is  overlain  by  the  Cupriferous  rocks  of 
Lake  Sui^erior  (No.  3  above),  whether  conformably  or  not  is  not 
known,  but  so  far  as  the  evidence  goes  it  appears  in  Minnesota  to 
graduate  into  the  overlying  formation  conformably,  and  unconforma- 
bility  is  not  reported  by  the  Canadian  geologists  at  Thunder  Bay.  This 
formation  is  pretty  well  known,  so  far  as  its  associated  igneous  rocks  are 
concerned,  and  the  equivalency  of  its  sedimentary  portions  with  the 
Potsdam  has  been  the  subject  of  much  discussion.  A  summary  of 
opinions  has  already  been  presented.  It  is  only  necessary  here  to 
mention  its  outward  characters,  and  to  compare  them  with  the  three 
formations  of  New  York,  to  each  of  which  it  has  been  referred  by  dif- 
ferent geologists. 

It  is  a  red  formation  of  shale,  sandstone  and  conglomerate,  metamor- 
phozed  by  igneous  upheaval  and  fracture,  locally  changed  to  gneiss, 
syenite  and  hard,  red  quartzytes,  and  is  interbedded  with  doleryte  and 
mixed  with  gabbro.  In  it  have  been  seen  only  the  non-characteristic  Fu- 
coideSy  but  its  association  with  repeated  igneous  outflow  is  sufficient 
reason  for  the  non-existence  of  animal  life  in  the  era  of  its  deposition. 
Still  if  the  sandstones  of  Tequamenon  Bay  in  Michigan  be  considered 
its. equivalent  it  may  be  said  that  two  species  of  Lingula  have  been 
taken  from  this  formation.  Dr.  Rominger,  however,  who  has  care- 
fully examined  the  Upper  Peninsula  of  Michigan,  unhesitatingly  places 
these  in  conspicuous  formation,  as  he  also  does  the  bed  of  breccia  con- 
taining the  Dikelocephalus  on  the  Menominee  river  near  Grand  Rapids 
— Geol.  of  Mich.,  vol,  I,  Part  III,  pp.  73  and  80.  The  beds  at  Mar- 
quette containing  Pleuroiwnaria  are  placed  by  Mr.  Billings  in  the  Cal- 
ciferous. 

The  lithological  characters  of  this  formation,  therefore,  ally  it  un- 
mistakably with  the  typical  sandstone  ot  Potsdam,  while  stratigraph- 
ically  it  lies  above  a  similar  series  of  black  slates  and  sandstones  as  in 
eastern  New  York  and  Vermont.  If  it  be  borne  in  mind  that  the 
typical  Potsdam  has  a  very  meager  fauna,  consisting  of  but  three  spe- 
cies not  characteristic  of  that  horizon,  it  has  a  very  close  resemblance 
in  its  fauna  also;  and  it  is  not  unreasonable  to  suppose  that  when  this 
horizon  in  the  northwest  has  been  as  minutely  examined  as  the  typi- 
cal Potsdam  has  in  New  York,  an  equal  number  of  Lingulae  may  be 
found  in  it. 

3.  It  is  the  overlying  formation,  however  (Nos.  2  and  1),  which  af- 
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fords  the  best  material  for  comparison  with  eastern  rock  horizons,  as 
it  is  marked  by  a  fauna  verj-  diversified  and  characteristic,  and  is  easily 
traced,  by  a  series  of  explorations  by  comi)etent  geologists,  from  the 
Mississippi  river  to  Canada,  with  no  very  important  interruptions, 
making  a  very  close  connection  with  an  allied,  if  not  an  identical, 
formation  in  eastern  Canada.  Here  are  placed  in  one  formation  the 
foregoing  Nos.  2  and  1,  not  because  there  is  certainl}'  any  line  of  sep- 
aration between  Nos.  2  and  3,  nor  the  absence  of  one  between  Nos.  2 
and  1,  but  because  on  comparing  the  descril)ed  characters  of  1  and  2, 
they  seem  to  occupy  nearly  the  same  geological  horizon,  and  for  the 
present  purpose  can  best  be  considered  as  one.  They  consist  of  light- 
colored  siliceous  sandstones  with  some  dolomitic  layers  near  the  top. 
They  are  horizontally  stratified,  and  are  seen  in  different  places  to  lie 
unconformably  upon  the  tilted  layers  and  trap  rocks  belonging  to  Xo. 
3 — or  the  copper-bearing  rocks.  This  is  the  case  at  Taylor's  Falls, 
Minn.,  and  at  Kewenaw  Point  in  Michigan.  While  it  would  perhaps 
be  an  arbitrary  line  which  should  set  them  off  as  a  distinct  formation 
from  the  copper-bearing  series,  they  still  need  to  be  distinguished  from 
that  series  on  account  of  great  lithological  differences  and  stratigraph- 
ical  position,  as  well  as  on  account  of  the  rich  fossil  fauna  they  have 
afforded.  The  fossils  that  have  been  described  from  the  bluffs  of  the 
Mississippi  and  St.  Croix  rivers  by  Dr.  Owen  (Geol.  Wis,  Iowa  and 
Minn.)  and  by  Prof.  James  Hall  (16th  Regents' Report)  are  all  from 
this  formation,  and  it  requires  but  a  glance  to  see  their  resemblance 
to  that  fauna  which  has  been  found  in  Canada  and  described  as  in  the 
Quebec  group.  These  fossils,  as  enumerated  by  Prof.  Hall  in  the  16th 
X.  Y.  Regents'  Report,  are  as  follows  : 

Five  species  of  Lingula.        y 

One  species  of  LinguJepis. 

One  species  of  Discina, 

One  species  of  Obella, 

One  species  of  Orthis, 

One  species  of  Platyceras. 

One  species  of  Eiiomphalus. 

One  species  of  Theca. 

One  species  of  Serpulites. 

One  species  of  Sendrograptus 

And  of  tn'lobites  the  following: 

Six  species  of  DikeJocephalus. 

Eighteen  species  of  Conocephalifes. 

One  species  of  Arionellus  (?). 
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Three  species  of  Ptychaspis. 
One  species  of  Chariocephalus. 
One  species  of  Illaenurus. 
One  species  of  Triarthrus. 
Three  species  of  Agnostus. 

One  species  of  Aglaspis. 

One  species  of  Pemphigaspis. 

One  species  of  Amphion. 

With  such  an  array  of  identical  genera,  not  to  say  species,  it  is  safe 
to  assume  identity  of  geological  era  for  these  strata  with  those  con- 
taining such  a  fauna  in  Canada — ^Pal.  Fossil,  p.  198;  Am.  Jour.  Sci. 
(2,)  XXXI,  222.  It  is  to  be  admitted  that  these  fossils  have  not  yet 
been  discovered  in  the  arenaceous  strata  extending  through  northern 
Michigan,  although  the  same  friable  formation,  occupying  the  same 
stratigraphical  horizon,  extends  from  Wisconsin  to  the  east  end  of 
lake  Superior,  and  has  been  traced  by  Prof.  Chamberlain  and  Dr.  Ro. 
minger.  They  are  there  kept  .constantly  distinct  by  Dr.  Rominger, 
from  the  underlying  red  sandstones,  which  he  says  are  generally  firm, 
and  become  disturbed  by  igneous  upheavals  in  their  lower  portion. 
The  sandrock,  cut  by  the  canal  at  Sault  St.  Marie,  he  says  is  the  low- 
er red  sandrock.* 

To  what  eastern  formation  this  fossiliferous  belt  may  finally  be  as- 
signed, whether  to  the  Quebec  or  to  the  Potsdam,  it  certainly  shows 
the  palaeontology  of  the  ^Quebec;  but  at  the  same  time  Prof.  Hall  has 
cautiously  assigned  it  to  the  Potsdam  of  New  York.  He  has  also  as- 
signed the  sandstones  of  No.  3  and  No.  2  to  the  same,  and  his  author- 
ity, therefore,  to  a  great  extent,  nullifies  itself. 

It  seems,  therefore,  that  so  far  as  present  available  information  will 
warrant  us  in  coming  to  a  conclusion,  we  can  accept  the  following  as 
probable  if  not  certain : 

1.  The  Taconic  Group  was  correctly  establis  by  Prof.  Emmons, 
though  its  limits,  stratigraphically  and  geographically,  were  at  first 
wrongly  defined  by  him.f 

2.  The  Georgia  Group  of  Vermont,  and  the  Animikie  Group  of 
Thunder  Bay,  and  the  Acadian  of  New  Brunswick,  are  the  equivalent 
of  the  Taconic  of  Enmions, 

3.  The  Taconic  has  the  true  primordial  fauna  of  Barrande. 

nwHant  OQ  theldentitr  of  the  Calctftronn  and  Western  Potsdam,  Can.  Nat.  and  0«oI.  (3)  VI,  87; 
Axote ,  Rockfl  of  Penn.  187S.    Report  E.,  pp.  107  and  108. 

f  Compare  Dana's  Investigation  of  the  so-called  Hudson  River  Group,  in  Btfasa.,  Vermont  and  New 
Toris.    Am.  Jour.  Science,  various  papers  in  1879—80, 
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4.  The  Potsdam,  which  lies  conformably  above  it  in  the  east,  i» 
represented  by  the  rocks  of  the  copi^r-bearing  series  in  the  west. 

5.  No  fossils,  representing  the  true  primordial' fauna,  have  yet  been 
discovered  in  the  west,  nor  have  any  been  found  in  the  western  repre- 
sentative of  the  Potsdam. 

6.  The  "second  fauna"  of  Barrande  is  found  in  the  Quebec  group 
of  Canada,  and  in  the  St.  Croix  sandstone  of  the  west,  lying  in  each 
case  above  the  Potsdam  sandstone. 
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IV. 

TYPICAL  THIN  SECTIONS  OF  THE  ROCKS  OF  THE  CUPRIF- 
EROUS  SERIES  IN  MINNESOTA.* 

By  N.  H.  WiNCHELL. 

In  ngrthern  Minnesota  the  cupriferous  rocks,  when  crygtalline,  con- 
sist of  two  distinct  types.  One  serie  is  igneous,  and  one  is  metamor' 
phic. 

The  former  may  be  broadly  comprehended  under  the  term  dolenjte, 
as  defined  by  Prof.  J.  D.  Dana.  The  most  frequent  representative  of 
this  group  is  the  rock  gabbro,  consisting  essentially  of  labradorite, 
augite  and  titaniferous  iliagnetite.  It  produces  the  dark-colored  and 
heavy  rocks  of  the  shore,  is  seen  as  layers  alternating  with  the  non- 
crystalline and  sub-crystalline  layers  of  the  other  group,  and  as  massive, 
mountain-like  elevations.  It  is  often  basaltic.  On  weathering,  it  de- 
composes and  becomes  greenish  when  near  the  water,  but  brownish 
when  at  higher  elevations.  It  is  often  amygdaloidal,  furnishing  vari- 
ous zeolitic  and  other  minerals.  It  has  a  very  intimate,  and  yet  very 
distinguishable  association  with  the  rocks  of  the  other  group;  but  in 
general  it  is  the  most  conspicuous  rock  of  the  cupriferous  series,  caus- 
ing the  most  of  the  salient  features  of  the  coast,  and  the  prominent  ele- 
vations of  northeastern  Minnesota.  When  in  contact  with  the  sedi- 
mentary beds,  the  rocks  of  the  igneous  group  are  but  slightly  aflFected 
by  the  interpenetration  of  the  minerals  of  the  other  group.  Yet  in 
some  instances  isolated  pieces  of  the  sedimentaries  have  been  embraced 
in  the  igneous  rock,  and  so  completely  fused  with  them,  that  the 
minerals,  that  otherwise  characterize  each,  are  closely  mingled  over 
small  intervals. 

The  rocks  of  the  second  or  mettunorphic  group,  on  the  other  hand, 
are,  in  neariy  all  cases,  of  a  redoish  color.  They  show  all  stages  of 
metamorphic  change — from  red  sedimentary  shale  and  sandstone  to  red 

*From  the  proceedings  of  the  American  Aiwociation  for  the  advancement  of  science,  Vol.  XXX,  Cin- 
cinnati Meeting,  Angnst,  1881. 
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felsite  and  syenite  The  minerals  that  are  invariably  found  in  this 
rock,  when  completely  crystalline,  are  quartz,  orthoclase,  and  horn- 
blende. The  beds  from  which  these  crystalline  red  rocks  were  derived 
are  seen  interstratified  with  regularity  with  the  rocks  of  the  other 
group.  But  when  these  red  rocks  are  crystalline  or  subcr>'stalline,  the 
alternation  is  less  evident.  The  alternation  in  this  changed  condition 
is  less  frequently  seen  in  horizontal  layers,  but  rather  appears  in  sud- 
den verticle  replacement.  In  some  places  they  appear  to  have  had  a 
great  thickness,  and  they  constitute,  in  their  changed  condition,  some 
of  the  most  interesting  features  in  the  geology  of  the  north  shore.  The 
red  felsite  of  the  Great  Palisades  containing  crystals  of  adularia,  which 
is  underlain  by  a  very  characteristic  doleryte  of  the  igneous  group,  and 
penetrated  by  numerous  dykes  from  it,  can  be  traced,  in  varied  steps, 
on  the  one  hand  to  its  original  condition,  a  shale  of  the  Potsdam  for- 
mation; and  in  the  other  direction,  through  step  after  step  of  metamor- 
phic  change,  to  a  hard  crystalline  rock  of  red  color  and  of  a  granular 
texture  consisting  essentially  of  orthoclase,  quartz  and  hornblende. 
It  is  not  always  possible  to  observe  a  continuity  of  bedding  from  one 
extreme  condition  to  the  other.  The  circumstances  of  upheaval  and" 
metamorphism  have  generally  been  unfavorable  for  that.  Some  of  the 
links  are  wanting  in  nearly  every  series  of  observations,  but  they 
are  such  as  are  supplied  at  other  places — such  places  also  failing  to 
show  other  links.  It  may  be  supposed  that  it  is  necessary  to  make  a 
perfectly  connected  series  of  contiguous  observations,  on  a  rock,  in 
situ,  changing  from  step  to  step,  without  interruption  of  the  beds  by 
dip  or  other  cause,  in  order  to  establish  the  series;  but  such  is  not  the 
case.  When  it  once  becomes  evident  that  certain  mineral  associations 
are  constant,  if  a  part  of  these  associations  are  observable,  the  rest 
may  be  relied  on.  When  it  is  understood  that  there  are  two  great 
sources  of  crystalline  rock,  the  igneous  and  the  metamorphic,  and  some 
of  their  related  phenomena  are  established,  such  established  phenom" 
ena  are  indices  to  show  the  origin  of  other  new  phenomena.  Such 
new  phenomena  may  again  be  taken  in  the  same  way  to  point  others, 
and  these  again  others.  So  at  last  a  whole  family  of  phenomena  can 
be  grouped  together,  although  at  no  place  can  a  connected  series  of  all 
the  phenomena  be  observed.  In  that  manner,  step  by  step,  the  lith- 
ology  of  the  crystalline  copper-bearing  rocks  can  be  reduced  to  two 
series.  When  these  microscopic  phenomena  are  in  concord  with  and 
are  affirmed  by  the  field  geology , as  in  the  case  on  the  north  shore  of  Lake 
Superior,  the  true  solution  of  some  very  interesting  questions  is  found. 
The  rocks  of  the  second  series,  the  result  of  the  crystallization  of  the 
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Potsdam  shales  and  sandstones,  are  found  to  occupj'  a  large  area  in  the 
extreme  eastern  portion  of  Minnesota,  northeast  of  Grand  Marais, 
while  those  of  the  first  series  seem  to  prevail  along  the  shore,  and  to 
cause  mountain  ranges  at  some  distance  from  the  lake.* 

The  following  brief  descriptions  are  intended  to  give  a  general  idea 
of  the  two  groups. 

(a)    rocks  of  the  igneous  group. 

1.  (Survey  No.  1.)  Gahbro,  "Duluth  Granite."  From  Rice's  Point,  near 
Duluth;  the  rock  of  a  low  mountain  range.  Contains  labradorite  and  changed 
augite,  the  latter  being  uralitic:  also  titantiferous  magnetite. 

2.  (Sur.  No.  49.)  Behind  the  M.  E.  Church,  Duluth.  Contains  augite,  plagio- 
clase,  and  magnetite,  with  viridite  and  ferrite. 

3.  (Sur.  No.  53.)  East  Duluth*.  Coarsely  crystalline.  Contains  plagioclase 
augite,  magnetite,  and  delessite,  also  some  chrysolite  and  biotite.  In  some  places 
this  rock  also  shows  orthoclase,  making  it  resemble  No.  5  of  the  Survey  numbers. 

4.  (Sur  No.  90.)  From  the  E.  point  of  Sucker  Bay.  Contains  plagioclase, 
augite,  magnetite,  chrj'solite. 

5.  (Sur.  No.  113.)  Labradorite  rock,  from  masses  included  in  gabbro  at  Split- 
rock  point. 

6.  (Sur.  No  116.)  From  the  point  half-way  between  J^plit-rock  pointand  Two 
Harbor  Bay.  Shows  a  basaltic  structure.  Contains  plagioclase,  augite,  magnetite, 
viridite,  opacite,  and  an  occasional  grain  of  biotite.- 

7.  (Sur.  No  123  )  From  the  bluff  east  of  Castle  Danger;  a  doleryte,  containing 
plagioclase,  augite,  chrysolite,  magnetite,  and  viridite. 

8.  (Sur.  No.  126. )  This  is  the  rock  that  furnishes  the  V)lack  sand  at  Black  Beach, 
a  few  miles  W.  of  Beaver  Bay,  one-half  mile  up  the  creek.  It  seems  to  consist  of 
plagioclase  (labradorite?)  hyporsthene  and  magnetite,  making  the  rock  hyperyte. 
The  metalloidal  surfaces  of  the  crystals  in  this  rock  resemble  those  of  the  rock  of 
Encampment  Island. 

9.  (Sur.  No.  128.)  Section  of  a  large  crystal  of  labradorite,  from  masses  em- 
braced in  gabbro  at  Beaver  Bay. 

10.  (Sur.  No.  141.)  Doleryte:  first  rock  east  of  the  Great  Palisades,  (lies  below 
the  PaUsades?)    Has  augite;  plagioclase,  magnetite,  viridite  (and  biotite?). 

11.  (Sur.  No.  160)  The  rock  that  protects  Little  Marais  on  the  east :  plagio- 
lase,  augite,  magnetite,  also  hematite  and  ferrite. 

12.  (Sur  No.  199.)  The  rock  of  Grand  Marais  Harbor;  plagioclase,  pyroxene 
and  magnetite;  hematite,  ferrite,  apatite. 

13.  (Sur.  No.  200  )  Cupriferous  gabbro;  from  N.  W.  quarter  Sec.  24,  T.  61,  R. 
1.  W.  (up  Fall  river);  plagioclase,  augite  (diallage?)  magnetite,  viridite,  ferrite. 
There  are  thin  sheets  of  native  copper  disseminated  through  the  mass  of  this  rock 

»A  series  of  fifty  thin  sections  with  Bampleb  of  the  rocks  fi-om  which  they  were  prepared,  were  ex- 
hibited, and  examined  at  the  table  by  means  of  polarized  light,  on  a  microscope  kindly  loaned  for  the 
purpose  by  Mr.  W.  H.  Bulloch  or  Chicago.  111.  They  were  numbered  successively  from  one  to  fifty,  the 
first  twenty-one  being  of  the  igneous  group,  and  the  next  twenty-one  of  the  metamorphlc.  The  last 
eight,  ttom  forty-three  to  fifty,  were  wlecteti  to  show  a  mlnKling  of  the  minerals  of  both  groups  in 
one  rock.  The  samples  of  rock  were  numbered  in  blue  shellac  with  the  rteld  number  of  the  survey. 
The  labels  attached  to  the  slides  name  the  m*  sit  evident  and  abundant  of  the  minerals  seen  in  each,  as 
they  have  been  identified  by  the  writer. 
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The  rock,  as  a  dyke,  cuts  a  rock  like  that  of  the  Great  Palisades— an  amorphous, 
red,  but  slightly  porphyritic  orthoclastic  felsite. 

14.  (Sur.  No.  221.)  From  a  short  distance  east  of  the  Brule^  river;  plagioclase, 
diallage  and  magnetite;  coarsely  crystalline. 

15.  (Sur.  No.  229.)    Doleryte;  Red- rock  Bay;  runs  under  the  E.  PaUsades. 

*  16.  (Sur.  No.  161.)  From  the  hill  520  feet  above  the  lake  on  N.  E.  quarter  Sec. 
25,  T.  64,  R.  7  E.,  represents  the  rocks  of  the  hills  about  Grand  Portage;  a  doler- 
yte, consisting  largely  of  diallage,  plagioclase  and  magnetite,  with  chrysolite  and 
a  little  prchnite. 

17.  (Sur.  No.  275.)  From  the  dyke  at  the  brink  of  Pigeon  river  falls;  augite, 
plagioclase,  magnetite  and  chrysolite?  , 

18.  (Sur.  No.  291.)  From  the  extremity  of  Pigeon  point  peninsula;  like  No.  l* 
gabbro;  plagioclase;  diallage,  chrysolite,  viridite  and  magnetite. 

19.  (Sur.  No.  297.)  Gabbro(?)  from  the  English  Rapids,  on  the  international 
boundary,  near  Grand  Portage;  associated  mth  the  Animikie  Group;  augite,  pla- 
gioclase, magnetite. 

20.  (Sur.  No.  637.)  The  labradorite  rock  of  Beaver  Bay  from  masses  embraced 
in  gabbro. 

21.  (Sur.  No.  664.)  Augite,  plagioclase,  magnetite;  from  a  ridge  a  little  more 
than  two  miles  north  of  Horse- shoe  Bay. 

(b)    Rocks  of  the  Melamorphic  Orcup. 

22.  (Sur.  No.  1  B.)  Brownish-red,  hornblende  syenite,  associated  intimateh' 
with  No.  1.  Duluth.  Contains  orthoclase  (changed),  quartz,  hornblende  (often 
changed),  magnetite,  apatite  and  ferrite. 

23.  (Sur.  No.  3.)  Brownish  or  reddish  rock.  In  the  Rice  Point  range  of  hills; 
suburbs  of  Duluth;  interception  of  5th  Av.  E.  and  7th  St.;  abruptlj^  separated  from 
No.  1  A  by  a  compact  dyke;  consists  essentially  of  orthoclase  (which  makes  it 
sparingly  finely  porphyritic),  quartz  and  hornblende.  It  also  has  apatite,  magne- 
tite and  ferrite 

24  (Sur.  No.  7.)  Brownish-red  rock,  fine-grained.  Between  2nd  and  3rd  av- 
enues, Duluth,  near  the  lake.  Tabular  and  imperfect  crystals  of  flesh-red  feldspar 
(orthoclase),  viridite  (from  hornblende),  magnetite,  apatite,  and  a  small  amount  of 
quartz. 

25.  (Sur.  No.  8  A.)  Rock  inclusion  in  Survey  No.  8;  very  fine-grained  gray 
rock,  showing  fine  crystals  of  red  feldspar,  probably  orthoclase,  but  for  the  most 
part  this  is  an  amorphous ,  fclsitic  mass  embracing  grains  of  magnetite  and  viridite, 
with  other  minerals. 

26.  (Sur.  No.  8  B.)  Porphyry,  Duluth.  Has  orthoclase,  chlorite,  magnetite  and 
other  minute  gniins;  plainly  a  rock  resulting  from  the  metamorphism  of  the  sedi- 
mentary beds. 

27.  (Sur.  No.  8.)  Sub  crystalline,  showing  much  magnetite  and  quartz;  also 
undistinguishab'e  grains,  some  of  which  are  probably  viridite,  hajmatite  and  pyrite, 
in  a  fclsitic  paste. 

28.  (Similar  to  Sur.  Np.  8  C.)  Finely  sub-crystalline,  nearly  destitute  of  free 
quartz,  brownish  or  reddish.     Duluth. 

29.  (Sur.  No.  17.)  Outwardly  and  microscopically,  a  thin-bedded  red  shale  or 
sandrock;  east  of  the  Brewery  creek,  Duluth,  at  the  lake  shore.    In  thin  section 
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showa  a  rusty  fclsitic  base  with  much  magnetite  or  menaccanite,  and  viridite:  the 
^hole  clouded  -with  amorphous  inclusions. 

30.  (Sur.  No.  33  B  )  Metamorphic  shale.  Dulutli,  at  the  lake  shore;  has  a  fel- 
sitic  (?)  gTOund-mass,  showing  a  porphyritic  orthoclase;  magnetite,  viridite,  hiem- 
atite,  apatite,  quartz. 

31.  (Sur.  No.  67.)    Metamorphic  shale,  London,  near  Duluth. 

32.  (Sur.  No.  117.)  The  reddish  vein  from  Two  Harbor  rock,  Two  Harbor  Bay.  * 
Quartz  grains  and  geodic  aggregations,  in  a  reddish  orthoclase  base. 

33.  (Sur.  No.  124.)  Rock  of  the  west  bluff,  at  the  entrance  to  Beaver  Bay. 
Quartz  grains  with  impurities,  in  a  reddish,  dimmed  base  that  seems  to  be  ortho- 
clastic,  magnetite,  apatite. 

34.  (Sur.  No.  127.)  Hardened  gray  shale,  from  near  the  mouth  of  Beaver  creek. 
Quartz  grains  can  be  seen  m  an  amorphous,  apparently  felsitic  base. 

35.  (Sur.  No.  129.)  Similar  to  127,  but  porphyritic  with  orthoclase  and  trans- 
lucent grains  like  adularia;  a  few  rods  N.  E.  of  the  mouth  of  Beaver  creek. 

36.  (Sur.  No.  134.)  Quartz,  orthoclase,  magnetite.  The  quartz  makes  up 
abont  one-quarter  of  the  whole,  the  orthoclase  perhaps  two-thirds,  but  the  magne- 
tite is  only  in  occasional  grains     This  is  from  the  third  island  east  of  Beaver  Bay. 

37.  (Sur.  No.  136.)  Is  from  opposite  the  fifth  island  east  of  Beaver  Bay. 
Wholly  crystalline  red  rock,  containing  quartz,  orthoclase  and  much  of  a  green 
mineral  that  is  probably  changed  hornblende.  This  green  mineral  is  generally 
fibrous,  with  spreading,  fan-shaped  radiations,  but  not  always.  Sometimes  it 
shows  simply  a  green  felted  polarization,  always  green  at  -f. 

38.  (Sur.  No.  138.)  The  rock  of  the  Great  Palisades;  an  orthoclastic  felsite, 
porphyritic  with  adularia,  resembling  Sur.  No.  129. 

39.  (Sur.  No.  201.)  Orthoclastic  felsite,  with  a  few  distinct  crystals  of  ortho- 
clase and  adularia  or  sanidin.  This  is  the  Palisade  rock  from  the  Copper  mine  up 
Fall  river. 

40.  (Sur.  No.  264.)  From  the  same  place  as  Sur.  No.  263,  east  of  Wauswaugon- 
ing  Bay.  Quartzite  fragment  embraced  in  gabbro,  quartz  and  hornblende  in  a 
cement  of  felsite. 

41.  (Sur.  No.  265.)  From  the  upper  part  of  Sur.  No.  263,  where  in  contact  with 
the  metamorphic  rock.  Results  from  the  inclusion  of  a  fragment  of  the  sedimen- 
tary beds  in  the  igneous.  Contains  quartz,  orthoclase  and  hornblende,  with  fer- 
rite  and  graphite. 

42.  (Snr.  No.  668.)  The  "red  granite"  of  the  region  northeast  of  Grand  Marais. 
(Consists  of  orthoclase,  quartz  and  changed  hornblende  with  magnetite. 

(c)  Mixed  Igneoui  and  Sedime7Ua/ry  Rocks. 

43.  (Snr.  No.  1  A.)  Gabbro.  Duluth.  Rice  Point  range,  near  a  contact  with 
No.  1 B.  Cx)ntain8  labradorite,  uralitic  augite,  and  titaniferous  magnetite.  Some 
of  the  angite  is  changed  toward  viridite     Orthoclase  in  occasional  grains. 

44  and  45.  (Sur.  No.  5.)  At  the  depot,  Duluth;  labradorite,  augite,  quartz, 
magnetite,  orthoclase,  apatite.  The  augite  is  sometimes  viriditic  and  sometimes 
uralitic. 

46.  (Sur.  No.  6.)  Labradorite,  augite,  magnetite,  viridite  (perhaps  a  result  of 
change  from  hornblende)  and  an  occasional  grain  of  quartz.    This  is  a  dark-green, 
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heavy,  homogeneous  rock,  coarsely  cr\-8Uillinc,  near  the  bay,  in  front  of  the  Clark 
House,  Duluth.    The  igneous  type  predominates. 

47.  (Sur.  Xo.  46.)  Rock  showing  the  contact  between  the  igneous  and  the 
metamorphic  groups,  from  Duluth.  One  side  of  the  section  is  red,  and  contains: 
quartz  in  perfectly  distinct  and  abundant  grains,  making  up  about  one-third  or 
one- half  of  the  whole;  ort hoc lase,  which  is  next  in  amount  to  the  quartz,  these 
two  making  up  most  of  the  section;  apatite  in  small  quantity;  magnetite;  ferrite 
and  hornblende  (?),  in  a  few  brownish-green  or  greenish  grains  which,  on  rotation 
at  +,  change  from  bluish-green  to  yellowish-green,  and  back  again. 

The  other  side  is  darker,  and  contains:  plagioclase,  augitc  grains  (altered  to 
uralite)  disposed  among  the  plagioclase,  and  in  larger  grains,  sometimes  fibrous 
and  sometimes  broken  irregularly;  magnetite  in  much  greater  amount  than  in  the 
red  rock;  ferrite  in  small  quantity. 

48.  (8ur.  No.  263.)  Contains  the  minerals  both  of  the  igneous  and  the  sedi- 
mentary beds.  From  the  E.  side  of  Wauswaugoning  Bay.  Its  position  and  lim- 
ited extent  show  its  accidental  occurrence,  and  merely  local  importance.  The 
igneous  minerals  are  labradoritc  and  magnetite.  The  sedimentary  are  quartz, 
orthoclase  and  hornblende.    Apatite  spicules  penetrate  them  all. 

49.  (Sur.  No.  282.)  From  the  porphyritic  main  axis  of  the  north  part  of  Susie 
Island,  near  Pigeon  Point.  Contains  plagioclase,  orthoclase,  hornblende,  magne- 
tite, quartz,  pyrite. 

50.  (Sur.  No.  675.)  The  rock  of  the  top  of  Brule'  mountain,  north  of  Grand 
Marais.  Orthoclase,  quartz,  hornblende,  plagioclase  (?)  magnetite,  viriditc,  fer- 
rite, chrysolite,  apatite. 

0B8ERTATI0NS. 

The  orthoclase  of  the  metamorphic  rocks  is  more  readily  dissemin- 
ated through  the  igneous  rocks  than  the  triclinic  feldspars  of  the  igne- 
ous are  through  the  metamorphic. 

The  magnetite  of  the  igneous,  as  at  Mayhew  Lake,  where  it  forms 
extensive  beds  of  iron  ore,  may  be  derived  from  the  exceedingly  fer- 
ruginous sedimentary  rocks.  Magnetite  seems  to  be  always  present  in 
the  crystalline  metamorphic,  and  is  probably  the  result  of  partial  de- 
oxidation  from  the  indigenous  hematite  that  gives  them  their  color. 
Chemical  analysis  of  the  red  shales  would  perhaps  show  the  presence 
of  titanium  with  the  iron  before  metamorphism,  and  would  indicate 
the  correctness  of  this  hypothesis.  Wherever  titanic  iron  is  found  in 
Minnesota,  it  is  where  the  two  series  of  rocks  are  in  contact  or  prox- 
imity, so  far  as  observed. 

A  fine  shale  becoming  heated  and  slowly  passing  toward  fusion  will 
first  show  crystals  of  the  easier  fusible  minerals,  i.  ^.,  orthoclase  be- 
fore quartz;  and  if  the  change  stop  there  the  resulting  rock  would  be 
a  non-differentiated  (or  felsitic)  ground  mass  sprinkled  with  porphy- 
ritic feldspar  crystals,  all  the  siliceous  parts  being  embraced  in  the 
ground  mass.     On  the  other  hand,  a  fused  sedimentary  rock,  passing 
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to  solidification,  will  first  show  crystals  of  the  least  fusible  minerals, 
i.  €,y  quartz  before  orthoclase,  and  hence  will  contain  more  or  less 
perfect  crystals  of  quartz,  cutting  the  sides  of  the  later  formed  ortho- 
clase.  Hence  the  same  metamorphic  rockfmay  show  no  quartz  in  one 
stage  of  metamorphism,  but  an  abundance  of  free  quartz  in  another. 
If  the  rock  at  first  held  grains  of  free  quartz  they  would  still  remain 
in  the  former  case,  and  would  be  an  evidence  of  its  original  sedimen- 
tary source,  and  in  the  latter  they  would  of  course  be  subject  to  re- 
crystallization. 

The  term  felsite,  as  used  in  this  paper,  is  intended  to  express  a  non- 
diflferentiated,  somewhat  metamorphic  rock,  derived  from  shale,  with- 
out any  reference  to  the  origin  of  felsite  rocks  described  in  other 
places. 
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V. 

THE  MUSEUM. 


\  Report  for  1881,  and  List  of  Additions. 

During  the  year,  955  entries  have  been  made  in  the  Museum  register. 
While  the  most  of  these  specimens  have  been  obtained  through  the 
agency  of  the  survey,  as  in  former  years,  yet  many  have  been  received 
by  exchange  and  by  donations.  Exchanges  have  been  made  with 
Profs.  C.  U.  Shepherd,  Geo.  F.  Kunz,  E.  S.  Dana,  P.  H.  Mill,  Jr.,  S. 
Calvin  and  S.  G.  Williams.  The  principal  donors  have  been  Col.  J. 
B.  Clough,  superintendent  of  the  construction  of  the  Northern  Pacific 
Railroad,  who  has  sent  the  Museum  valuable  mammalian  and  arch- 
aeological specimens  from  Montana;  Mr.  W.  JI.  Swan,  who  has  pre- 
served drillings  from  various  deep  wells  in  the  State  and  presented 
them  to  the  Museum;  U.  D.  Watkins,  fossils  and  other  specimens 
from  Ohio;  C.  E.  Whelpley,  preserved  drillings  from  the  Minneapolis 
deep  well,  and  Prof.  C.  W.  Hall,  various  rock  specimens  from  New 
England.  Other  donors  are  Regents  Sibley,  Chute  and  Gilfillan,  W. 
D.  Hurlbut,  J.  M.  Sullivan,  C.  M.  Terry,  H.  A.  Strong,  R.  F.  Laythe, 
Prof.  J.  S.  Clark,  S.  F.  Heath,  John  A.  Green,  S.  Deutsch,  D.  A. 
Locke,  H.  S.  Peters  and  Dr.  Miller,  Asst.  Surgeon  U.  S.  A.,  Little 
Missouri  Cantonment. 

The  fossils  that  have  been  collected  from  time  to  time  have  not 
10 
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been  reported  until  their  names  were  determined,  and  hence  the  mosi 
of  them  are  still  unreported.  They  are  simply  registered  and  labeled 
suflBciently  to  serve  for  identifying  their  sources.  The  crystalline 
rocks  embraced  in  the  series  described  in  the  survey  report  have  not 
yet  been  registered  in  the  Museum.  They  have  the  survey  numbers- 
only.     Of  some  of  them  numerous  duplicates  have  been'obtained. 

BLEPHANT*S   TEETH   FEOM  MONTANA. 

Among  the  donations  to  the  Museum  by  Col.  J.  B.  Clough  is  a  large 
elephant's  tooth  which  is  worthy  of  special  mention.  Its  companion, 
a  small  specimen,  was  presented  by  Mr.  S.  Deutsche  The  two  were 
obtained  in  the  same  locality  but  seem  not  to  have  belonged  to  the 
same  individual.  Unfortunately  the  larger  specimen  has  begun  to 
disintegrate  by  crumbling,  and  it  is  doubtful  whether  it  can  be  pre- 
served. 

These  teeth  were  obtained  near  the  Rosebud  river  in  Montana,  by 
the  parties  constructing  the  Northern  Pacific  R.  R  ,  but  their  special 
stratigrapliical  relations  to  the  rocks  of  the  region  it  has  not  been  pos- 
sible yet  t(f  ascertain.  It  has  been  stated  by  Mr.  Deutsch  simply  that 
they  were  from  a  deep  cut  composed  of  clay  and  loose  rock.  The  ad- 
hering portions  of  the  matrix  consist  of  a  coarse,  lime-cemented  sand^ 
or  conglomerate  like  some  known  to  exist  in  the  cretaceous  and  ter, 
tiary,  and  the  tooth  is  probably  not  of  post-tertiary  age. 

The  larger  tooth  measures  12f  inches  in  length  and  6i  inches  in 
transverse  perpendicular  section.  Across  the  grinding  surface  it 
measures  a  little  more  than  3^  inches.  It  has,  distinctly  preserved,  20 
transverse  plates.  There  is  an  appearance,  on  the  anterior  extremity-, 
of  a  thin,  imperfect  plate,  partly  eroded,  only  a  double  scale  of  enamel 
remaining,  separated  from  the  body  of  the  tooth  by  a  little  cement. 
This  plate  with  its  cement  does  not  occupy  the  full  width  nor  depth  of 
the  tooth,  but  was  especially  pitted  to  receive  the  first  attrition  oil  the 
tooth  and  to  maintain  its  form  and  position,  as  the  tooth  advanced. 
The  posterior  end  of  the  tooth  also  has  the  appearance  of  having  con- 
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sisted  of  one  or  two  more  plates  originally,  but  they  are  now  lost  by 
the  disintegration  which  has  attacked  the  whole  tooth.  Thus  the 
plates  must  have  numbered  22  or  23.  The  plates  existing  seem  to 
have  all  suffered  some  grinding  attrition,  but  only  the  anterior  sixteen 
are  so  worn  as  to  show  on  the  crown  the  double  enamel  ridges.  The 
posterior  ones,  which  are  more  and  more  inclined  forward,  the  farther  • 
they  are  removed  from  the  front,  are  either  in  the  immature  stage  of 
separate  denticles  which  are  not  yet  united  on  their  summits,  or  are 
so  involved  with  the  cement  that  they  are  not  yet  even  worn  so  as  to 
produce  the  annular  ridge  of  enamel  exhibited  by  those  farther  ad- 
vanced. The  bases  of  these  plates,  however,  with  denticles  at  their 
summits,  are  united  together  into  a  common  complex  fold,  firmly 
binding  the  tooth  in  one  mass.  This  therefore  seems  to  have  been 
the  sixth  or  last,  molar  of  a  mature  elephant,  or  mammoth,  and  from 
the  lower  jaw. 

The  smaller  tooth  has  lost  by  disintegration  and  fracture  appar- 
ently about  four  of  its  plates  from  its  posterior  extremity.  While  it 
was  found  in  the  same  locality  it  was  probably  not  from  the  same  in- 
dividual.  Its  crown  appears  to  have  been  unequally  opposed  by  the 
tooth  of  the  other  jaw,  for  its  plates  are  not  worn  off  so  as  to  show 
continuous  transverse  ridges  of  enamel,  except  on  the  anterior  portion, 
the  greater  number  of  plates  being  simply  rounded  over,  the  denticles 
standing  above  the  surface  with  their  natural  curved  contour,  with  no 
flattened,  grinding  sarface.  From  the  fact  that  the  denticles  are  some- 
what worn  they  must  have  served  for  mastication.  The  smooth,  flat- 
tened, and  oppressed  appearance  of  the  anterior  extremity  indicates 
that  the  preceding  tooth  had  not  yet  been  shed,  but  had  been  thrust 
by  mastication  constantly  against  it.  Still  it  was  not  wholly  protected 
by  its  predecessor,  but  was  exposed  on  the  end,  as  well  as  on  the  grind- 
ing surface  to  the  attrition  of  mastication,  and  its  most  advanced  cor- 
ner is  worn  off  obliquely  by  that  means.  It  had  about  fourteen  plates 
and  its  length  was  about  ten  inches.  It  was  probably  the  fifth  upper 
molar  of  the  extinct  mammoth. 
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The  region  in  which  the  teeth  were  found  is  not  drift-covered,  but 
the  soil  and  surface  debris  is  the  result  of  local  disintegration  of  the 
cretaceous  or  tertiarj'  beds.  It  is  hence  very  probable  that  these  teeth 
are  true  fossils,  of  an  age  prior  to  the  glacial  epoch. 
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ARCH^OLOGICAL  ADDITIONS  TO   THE  MUSEUM  IN  188L 

58.     Hair  of  a  native  of  the  New  Hebrides.     Two  braids. 
69.     Two  chalcedony  arrow  points,  from  near  Young  Men's  Butte. 
Dakota.    Presented  by  D.  P.  Jones. 

60.  One  chalcedony  spear  point,  from  near  Young  Men's  Butte. 
Dakota.     Presented  by  D.  P.  Jones. 

61.  Two  chert  arrow  points,  from  near  Young  Men's  Butte.  Da- 
kota.   Presented  by  D.  P.  Jones. 

62.  One  iron  arrow-point,  from  near  Young  Men's  Butte.  Dakota. 
Presented  by  D.  P.  Jones. 

63.  Small  stone  hammer,  withed.  From  Michigan.  Presented  by 
N.  H.  Winchell. 

64.  One  Indian  stirrup,  ornamented  with  white  beads.  Presented 
by  Col.  J.  B.  Clough. 

65.  One  stone  slab,  18  inches  in  length,  apparently  used  for  rubbing 
and  tanning  skins.      From  Dakota.     Presented  by  Col.  J.  B.  Clough. 

66.  One  hickor}'  bow  and  rawhide  case,  with  rawhide  quiver  con- 
taining seven  arrows,  five  of  them  with  iron  points.  From  Miles  City, 
Montana.     Presented  by  Col.  J.  B.  Clough. 

67.  An  Indian  weapon — a  quartz  pebble  surrounded  by  a  rawhide 
withe  which  is  extended  into  a  handle  about  three  feet  long,  terminat- 
ing with  a  loop  for  the  wrist,  and  stiffened  by  a  flexible  stick.  From 
Miles  City,  Montana.     Presented  by  Col.  J.  B.  Clough. 

68.  Small,  perfect  arrow -point  of  quartzose,  oolitic,  or  concretion- 
ary chert.  Found  on  the  University  campus  by  Mr.  Fisher,  and  by 
him  presented  to  the  University  Museum. 

69.  Stone  ax,  withed,  of  dark  dioryte,  found  near  Albert  Lea.  Pre- 
sented by  Rev.  L.  J.  Hange. 

70.  Pangue  knife,  from  the  Ogove  river,  Africa,  said  to  be  made  of 
**native  iron,"  enclosed  in  a  snake-skin  sheath.  Presented  by  Rev. 
G.  C.  Campbell. 

71.  Loom  and  three  yards  of  cloth,  made  from  bast  fiber,  by  the 
IvUlif  of  the  Ogove  river,  Africa.  Presented  by  Thos.  Sinclair,  trader 
on  the  Ogove  river,  through  Rev.  G.  C.  Campbell. 

72.  Native  dress,  worn  by  the  Ivilli,  and  others  up  the  Ogove  river, 
Africa.  Presented  by  Thos.  Sinclair,  trader,  through  Rev.  G.  C. 
Campbell. 

73.  Prehistoric  Maize,  from  the  old  cemetery  near  Madisonville, 
Hamilton  county,  Ohio.     Presented  by  N.  H.  Winchell. 
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VI. 

GEOLOGICAL  NOTES  ON  MINNESOTA. 

BY  MR.  J.  H.  KLOOS. 
ITrsnslaied  by  N.  H.  Winckell.] 

[NoTK.^ThMe  Dot«8  were  made  by  Mr.  KIoos  when  serving  as  Land  Agent  of  the  St.  Paol  &  Pacific 
R.  R.  and  were  published  m  the  Zeitwhryfi  d.  Deutwhen  GeologUcken  Oe»fiUachckfU  p.  417.  They  far- 
nish  the  basis  for  the  sabsequent  ioveetlgations  of  streng  and  Kloos  on  the  crystalline  rocks  of  Minne- 
Mta,  and  contain  original  observations  on  the  gtratigraphical  relations  of  the  formations,  which  differ 
from  those  of  YA*  predecessors,  particularly  on  the  trap  and  sandstone  at  Taylor*s  Falls.  They  furnish 
aalmportaot  iiistorical  link  between  the  surveys  ol  Owen,  Whittlesey  and  Eamea,  and  the  beginning  of 
the  present  surrey.] 

Since  the  publication  of  the  geological  survey  carried  on  under  the 
direction  of  the  American  geologist,  David  Dale  Owen,  little  that  is 
noteworthy  has  appeared  on  the  geology  of  Minnesota. 

Owen  with  his  assistants,  Norwood,  Shumard,  Whittlesey  and  eight 
others,  explored  the  States  of  Wisconsin,  Iowa  and  Minnesota  from 
18i7  to  1850.  In  his  report  to  the  government  of  the  United  States  he 
gives  a  careful  description  of  the  country  in  respect  to  its  geography 
and  geology,  its  fauna  and  flora,  as  well  as  its  agricultural  resources. 
The  638  pages  of  his  heavy  quarto  volume  contain  a  vast  amount  of 
valuable  and  exact  observations,  especially  upon  the  northern  part  of 
the  district  examined,  in  which  even  yet  exploration  is  attended  usu- 
ally with  great  difficulties.  A  fault  of  the  work  is  its  petty  simplicity. 
The  detailed  descriptions  of  many  river-valleys,  in  respect  to  topo- 
graphy and  climatology,  render  difficult  the  attainment  of  a  general 
view  of  the  geology.  Tljp  description  of  the  crystalline  rocks  of  Min- 
nesota, which  in  maay  respects  possess  a  high  importance,  is  faulty. 
Also  the  palseontological  subjects  are  not  thoroughly  treated,  and  the 
illustrations  of  new  species  published  by  Owen  possess  little  merit.* 

In  the  year  1866t  appeared  a  little  pamphlet  on  Minnesota  by  Charles 
Whittlesey,  formerly  an  assistant  of  Owen.     It  is  confined  almost  en- 

*Beport  of  a  Geolocical  Snrrey  of  Wisconsin,  Iowa  and  BUnnesota,  by  authority  of  Congrsss,  by  DaTid 
IXito  Owen,  PhUadelphia,  1862. 

fA  tepcrt  of  axploratiou  in  the  mineral  regiont  of  Minnesota  during  the  years  of  1849, 16G9  and  1194, 
Cleveland,  18M. 
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tirely  to  the  shores  of  Lake  Superior,  and  describes  the  conditions  and 
appearance  in  situ  of  copper  and  other  metals. 

The  examinations  by  the  State  Geologist,  Henry  H.  Eames,  pertain 
exclusively  to  those  parts  of  Minnesota  in  which  copper,  iron  and 
small  quantities  of  gold  are  found.  In  his  report  for  1866  he  confines 
himself  to  the  description  of  the  occurrence  of  the  useful  metals  and 
their  ores.* 

An  important  paper  on  the  geognosy  of  southwestern  Minnesota  was 
published  by  Prof.  James  Hall  in  the  year  lfe66.  His  design  was  to 
examine  the  outcrop  of  coal  on  the  Cottonwood  river,  one  of  the  im- 
portant tributaries  of  the  St.  Peter,  or  Minnesota  river.  Owen  with 
his  assistants  had  been  only  to  the  mouth  of  the  Cottonwood.  Hall 
,  Ijenetrated  as  far  as  the  celebrated  locality  where  the  Indians  obtained 
the  * 'Pipestone''  for  their  pipes,  f  He  shows  that  the  coal  outcropping 
there  belongs  to  a  younger  formation — viz. :  the  Cretaceous — and  as- 
sumes the  former  extension  of  the  Cretaceous  as  well  as  the  older  Meso- 
zoic  strata,  over  that  part  of  Minnesota.  At  the  same  time  he  ofifers 
some  valuable  observations  upon  the  crystalline  and  metamorphic 
rocks  which  appear  along  the  Minnesota  river  above  the  mouth  of  the 
Cottonwood.J 

In  the  following  I  have  sought  to  gather  together  in  a  comprehen- 
sive survey  my  various  notes  on  different  parts  of  Minnesota;  and 
where  it  has  been  necessary  to  a  comprehension  of  the  description,  and 
I  was  not  able  personally  to  make  examinations,  I  have  filled  them 
out  from  earlier  observations  of  others.  By  means  of  the  map  I  have 
aimed  rather  to  aid  the  reader  than  to  present  an  exhibition  of  the 
geological  conditions.  The  points  of  observation  are  in  the  river  val- 
leys, separated  by  wide  tracts  covered  by  drift,  and  we  are  not  at  this 
time  in  condition  to  announce  with  any  certainity  the  boundaries  of 
the  formations.  I  have  gathered  much  material  which  is  designed  for 
a  more  careful  investigation  at  some  later  time,  and  if  time  and  op- 
portunity are  afforded  me  I  aim  to  treat  the  separate  subjects  more 
thoroughly,  which  now  can  only  be  mentioned  briefly. 

The  State  of  Minnesota  in  the  geographical  center  of  the  continent 

*Report  of  the  State  Qeologlst,.  Henry  H.  Eames,  on  the  metalliferona  region  bordering  on  Lake  So- 
p«rior.  St.  Paal,  1866. 

|Mr.  Kloos  hae  fallen  Into  an  error  in  respect  to  both  Owen  and  Hall.  Owen's  assistant,  Shnmard,  as- 
cended the  Minnesota  valley  as  far  as  the  month  of  the  Redwood  river,  instead  of  the  month  of  the  Cot- 
ton  wood;  while  Hall  oniy  went  as  far  west  as  Lake  Sbetek,  instead  of  to  the  Pipestone  qaarry.  (N. 
H.  W.) 

iNotes  upon  the  Geology  of  some  portions  of  Minnesota,  from  St.  Paul  to  the  western  part  of  the 
State.    By  James  Hall,  Trans.  Am.  Phil.  Soc.  vol.  XIII,  p.  829. 
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of  North  America,  lies  between  431  and  49  degrees  of  north  latitude, 
and  between  >^9^  and  97  degrees  of  west  longitude.  This  member  of 
the  American  Union  is  bounded  on  the  south  by  Iowa,  on  the  east  by 
Wisconsin,  north  by  the  Winnipeg  district  of  British  America,  and 
westerly  by  the  territory  of  Dakota.  The  area  of  the  state  embraces 
84,000  English  square  miles.*  A  wide  wedge,  jutting  toward  the  east, 
extends  between  Lake  Superior  and  the  Rainy  lake  river  which  with  a 
succession  of  small  fresh-water  lakes  forms  the  boundary  line  along 
British  America.  Therefore  Minnesota  has  a  coast  line  of  160  miles, 
and  a  position  extremely  favorable  for  trade  with  the  eastern  States. 

To  the  geographer,  therefore,  Minnesota  possesses  a  great  intrest,  in- 
asmuch as  within  its  borders  are  found  the  spring-sources  of  the  great 
rivers  of  the  American  continent.  It  lies  to  the  north,  in'  the  least 
accessible  portion  of  the  United  States.  Upon  the  accompanying  map 
of  Minnesota  can  be  seen  two  small  lakes,  distant  but  a  few  miles  from 
each  other,  known  as  Itasca  and  Elbow  lakes.  In  lake  Itasca  the  Miss- 
issippi river  has  its  source,  and  in  Elbow  lake  the  Red  river  of  the 
North.  The  former  flows,  as  is  known,  in  a  southerly  direction  to  the 
Gulf  of  Mexico;  the  other  turns  with  a  sharp  angle  toward  the  north, 
unites  in  the  great  lake  Winnipeg  with  the  waters  of  the  Saskatche- 
wan coming  from  the  Rocky  Mountains,  and  empties  with  them 
through  the  Nelson  river  into  Hudson's  Bay.  Lastly,  the  St.  Louis 
and  the  Rainy  lake  rivers  form  the  beginning  of  the  extensive  fresh- 
water system  which  comprises  the  chain  of  great  lakes,  and  empties  its 
waters  in  the  Atlantic  through  the  St.  Lawrence,  t 

In  Minnesota  the  banks  of  the  Mississippi  and  its  tributaries,  to. 
gether  with  the  rocky  shores  of  lake  Superior,  with  its  many  short 
water  courses,  and  the  small  lakes  in  the  extreme  northern  part  of  the 
state,  afford  the  only  information  concerning  the  age  and  composition 
of  the  earth's  crust.  As  soon  as  one  leaves  the  river  valleys,  he  finds 
the  older  formations  covered  with  heavy  rolling  hills  of  sand  or  clay 
without  organic  remains.  These  later  deposits,  which  form  a  covering 
unbroken,  except  by  the  river  valleys,  are  a  part  of  the  **  Drift  Forma- 
tion," of  North  America.  Over  an  extensive  part  of  this  territory  it 
is  spread  out  over  the  oldest  crystalline  rocks  and  on  the  sedimentary 
formations,  and  it  extends  south  to  the  fortieth  degree  of  north  lati- 
tude.    Even  of  the  drift,  in  many  parts  of  the  state,  can  an  idea  of  the 


^'SVherever  In  this  work  miles  are  mentioned,  the  English  Statate  miles  most  be  understood,  of  which 
4.61  make  a  geographic  mile. 

flir.  Kloes  here  loosely  refers  to  the  northern  waters  of  the  state.    lu  reality  the  Rainy  Lake  river 
does  not  flow  east  into  lake  Superior,  bat  westward  into  lake  Winnipeg.    [N.  H.  W.] 

12 

Digitized  by  Kj OOQ IC 


178  TENTH   ANNUAL  REPORT 

composition  and  nature  be  ascertained  only  along  the  separate  water- 
courses, because  for  days  together  one  can  travel  without  getting  sight 
of  a  rock  or  of  ^a  hill.  Either  the  grassy,  boundless,  prairies  stretch 
out  in  all  directions  so  that  the  eye  cannot  discern  any  tree  or  shrub, 
or  vast  forests,  with  successive  meadows  and  lakes,  cover  the  country. 
In  the  northern  part  of  the  state  are  many  impenetrable  cedar  swamps, 
and  through  there  it  is  only  possible  to  pass  in  winter,  wheu  the 
swamps  are  frozen. 

The  sand  and  clay  deposits  of  the  drift  formation  are  so  thick  that 
the  smaller  water-falls,  the  brooks  and  the  rivers  which  have  little 
descent,  ali'ord  no  additions  to  the  outcropping  rock.  In  southern  Min- 
nesota are  cuts  along  the  railroads  from  tifty  to  a  hundred  feet  deep  in 
which  the  bluffs  show  nothing  but  sand,  loam  and  clay,  without  any 
organic  remains.  The  drift  forms  sometimes  a  hilly,  heavy  deposit  or 
extensive  terrain,  and  sometimes  a  smooth  horizontal  surtace  as  leve^ 
as  the  sea.  The  depressions  and  valleys  between  the  hills  are  generally 
filled  with  water,  and  thus  are  formed  a  numberless  multitude  of 
smaller  and  larger  lakes.  Their  shores  generally  descend  graduall}', 
and  show  in  the  water-worn  masses  which  gather  there,  the  most  varied 
kinds  of  cr>'stalline  rocks  and  metamorphic  schists.  Many  swampy 
spots,  both  in  the  forest  and  on-  the  prairie,  are  dried  up  lakes.  By 
further  draining  these  make  excellent  pasture  grounds.  The  low 
grounds  tilled  with  water  in  the  surface  of  the  drift,  are  the  remains 
of  a  single  extensive  fresh-water  lake.  In  manj'  places  can  be  seen  the 
remains  of  this  old  lake  deposit.  They  consist  of  clay  and  loam  with 
the  same  fresh-water  mussel  and  snail  shells  as  live  at  the  present  time 
in  lakes  and  rivers.  The  southern  shore  of  this  lake  lies  probably  no* 
far  from  the  Iowa  boundary,  where  the  highest  ridges  of  the  plateau 
are  found.  At  Rochester  and  Mankato,  points  south  of  the  Minnesota 
fiver,  have  been  found  trunks  and  branches  of  various  kinds  of  trees, 
especially  oak  and  cedar,  in  hills  consisting  of  clay,  twenty  to  fift^' 
feet  under  the  surface,  and  nine  hundred  and  forty  feet  above  the  ocean 
level.  These  are  all  evident  proofs  that  these  ridges  have  once  been 
the  swampy  shores  of  an  ancient  fresh-water  basin. 

The  plains  of  Minnesota  have  a  hight  from  800  to  1,200  feet  above 
the  sea-level.  The  hill-ranges  which  run  in  various  directions  and 
form  the  water  divides  between  the  rivers  and  river-systems,  reach  iix 
some  places  the  hight  of  1600  and  1700  feet.  These  are  at  the  same 
time  also  the  highest  land  of  the  country,  and  actual  mountain  ranges 
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of  rock  do  not  exist.*      The  passage  from  the  low  lands  to  the  water 
sheds  is  lor  the  most  part  imperceptible,  and  the  undulations  of  the 
plains,  with  the    exception  of  the  shores  of  the  great  rivers,    take 
place    altogether    gradually.       The    highest   water-shed  lies   in   the 
northern   part   of   the  state,   and  separates  the   waters  which  flow 
south    through    the   Mississippi   valley,    from    those   which    have   a 
northerly  direction  toward  Hudson's  bay.      It  is  composed,  through 
its  whole   extent,  of  drift;  also  theother  divides,  and  greater  ele- 
vations of  the  surface,  consist  of   sand,   loam   and  clay,    and  it  is 
in   the   lower   grounds   and   river   valleys    that   one   must  seek  for 
the  older  layers  of  the   earth's  crust.       The  shores  of   the  Missis- 
sippi,   with    the    range    of   bl.iflFs   lying    nearest,    consist   of   rocks 
which  belong  to  the  oldest  portions  of  the  Silurian  formation.     They 
are  sandstones  and  dolomitic  limestones  which  correspond  to  the  Pots- 
dam and  Calciferous  Sandstone,  as  well  as  the  Trenton  period,  in  the 
stat«  of  New  York  and  in  Canada.     The  layers  are  in  all  places  nearly 
horizontal;  but  whei-e  the  river  has  excavated  the  sandstone,  and  un- 
dermined the  limestone  beds,  the  latter  are  thrown  down,  and  in  many 
places  over  large  areas,  have  apparently  suflFered  an  extensive  denuda- 
tion.    The  formations  mentioned  are  in  outcrop  from  the  mouth  of  the 
Wisconsin  river  to  the  Falls  of  St.  Anthony,  over  an  extent  of  210 
miles.     At  the  Wisconsin  river  the  higher  layers  of  the  Silurian  dis- 
appear, and  there  remain  only  the  equivalents  of  the  Potsdam  and 
Calciferous  sandrock,  from  there  to  St.  Paul.     The  beds  have  at  first 
a  gentle  southerly  dip,  which  they  maintain  to  Mountain  Island,  in  the 
neighborhood  of  the  city  of  Winona.     Here  is  the  highest  part  of  a 
saddle-shaped  elevation,  and  from  there  the  layers  have  a  dip,  though 
almost  imperceptible,  toward  the  north.     The  elevation  and  depression 
in  the  hight  of  the  separate  layers  make  it  possible  to  establish  these 
conditions  most  clearly,  as  has  been  set  forth  in  several  profiles  by 
Owen  in  an  admirable  manner.     I  had  the  opportunity  to  examine 
somewhat  carefully  the  layers  in  the  heighborhood  of  this  saddle. 
The  first  line  of  bluflTs  rises  precipitously  to  the  hight  of  five  or  six 
hundred  feet  above  the  floodplain,  and  shows  the  outcroping  of  beds 
which  after  considerable  interruption  have  their  continuance  on  the 
opposite  shore.    The  lowest  is  a  sandrock,  and  over  it  are  beds  of  dolo- 
mite.     The  former,  which  occupies  the  greater  part  of  the  rock-bluff, 
exhibits  a  different  texture  in  different  places.      Some  beds  are  coarse- 
grained, and  approach  a  conglomerate,  and  others  are  very  fine-grained. 
It  is  in  general  loose  and  crumbling  with  lime-cement.     The  dolomite, 

*AccordiBg  topnbliabed  •(•▼sUont,  th«  hlcht  of  Imka  Superior  iit  Its  low  sUgt  It  taken  at  60U  feet 
Tb»  latMt  BiMffiirMnmita  glTe  an  ayenge  hight  of  606  (iMt)  The  Water-lerel  varies  in  different  years, 
and  cbaogM  even  with  the  aeaaona. 
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which  here  may  reach  a  thickness  of  ninety  feet,  is  of  a  light  color, 
vesicular-crystalline,  and  resembles  the  German  Zpchsfehi-fiolmnh,  It 
incloses  many  calc-spar  and  flinty  concretions,  which  often  attain  a 
considerable  size.  I  could  discover  no  distinct  fossils  Only  in  one 
place  did  I  find  a  fragment  of  a  coiled  cephalopod,  which  must  have  been 
of  considerable  size.  Afterwards  I  found  the  same  sandstone  on  the  St. 
Croix  river  where  some  of  the  layers  are  very  rich  in  bivalves,  and  I 
shall  mention  later  their  occurrence  in  describing  the  same  rock  again 
in  the  neighborhood  of  Taylor's  Falls.  The  sandstone  Owen  has 
named  Lower  Silurian  sandntone  of  the  upper  Mississippi,  and  the  dolo- 
mite  he  distinguishes  as  the  Lower  Magnesian  limestone.  The  former 
answers  to  the  Potsdam  Sandstone,  and  the  latter  to  the  Cdlciferous 
Sandstone,  of  New  .York.  The  characteristic  fossils  are  trilobites, 
which  for  the  most  part  belong  to  the  genus  Dikeloeephahts,  also  Lingn- 
la  and  Orbicula.  In  Minnesota  it  is  difficult  to  find  any  large  frag- 
ments of  trilobites  in  the  crumbling  sandstone.  Relying  on  observa- 
tions made  in  Wisconsin,  Owen  distinguishes  in  this  sandstone  six 
trilobite-beds,  which  are  separated  from  each  other  by  other  beds  from 
ten  to  a  hundred  and  fifty  feet  thick.  In  the  magnesian  limestone 
have  been  found  up  to  this  time  only  inconsiderable,  and  hardly  recog- 
nizable, remains  of  fossils.  They  are  a  small  Lingufa,  casts  of  the  in- 
terior of  shells  which  are  related  to  Enomphalus  and  Ophileta,  also 
fragments  of  trilobites  like  those  in  the  sandstone.  The  geological 
horizon,  therefore,  of  the  lower  dolomite  must  be  determined  at  pres- 
ent from  its  position  between  the  Potsdam  Sandstone  and  layers  of  the 
Trenton  formation. 

Before  reaching  the  mouth  of  the  St.  Croix  river  above  which  both 
banks  of  the  Mississippi  belong  to  Minnesota,  the  lower  sandstone  dis- 
appears, and  the  shores,  which  have  a  hight  of  200  or  300  feet,  consis 
entirely  of  dolomite,  which  exhibits  most  remarkable  water-worn 
forms,  and  presents  many  changes  in  its  outer  contour.  The  bluffs 
frequently  pass  back  from  the  water,  and  the  banks  become  lower. 
At  Red  rock,  six  miles  below  St.  Paul,  the  hills  are  half  a  mile  back 
from  the  river,  while  the  shores  rise  but  a  few  feet  above  the  water 
level,  and  form  a  plain  which  is  fertile  but  exposed  to  frequent  inun- 
dations. Small  exposures  of  the  dolomite  are  still  to  be  seen.  The 
bluffs  consist  almost  entirely  of  the  next  higher  layers,  the  equivalents 
of  the  Trenton  formation.  At  St.  Paul  the  same  rocks  outcrop  by  the 
river,  and  form  a  rugged  rock  bluff  from  90  to  100  feet  high.  From 
here  the  Trenton  group  continues,  till,  above  the  falls  of  St.  Anthony, 
all  the  layers  disappear  together  under  a  heavy  covering  of  drift. 
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At  St.  Paul  the  bluffs  have  a  thickness  of  66  feet  of  sandstone,  cov- 
ered by  15  to  25  feet  of  heavy  limestone  layers,  a  repetition,  therefore, 
to  a  certain  extent  of  the  bluffs  below.  Yet  the  sandstoiie  hardly  de- 
serves this  name,  in  that  a  cementing  material  is  entirely  wanting, 
and  the  rock  can  be  dug  into  as  easily  as  a  sand  bank.  Indeed  it  is 
nothing  but  a  vast  bed  of  quartz  grains  that  hardly  hang  together,  in 
some  places,  of  unusual  clearness  and  transparency.  For  this  reason  it 
has  been  recommended  by  Shumard,  one  of  Owen's  assistants,  for  the 
manufacture  of  glass.  The  shining  white  walls  of  this  sand  rise  per- 
pendicularly from  the  water,  and  reach  at  Fort  Snelling,  an  old  forti- 
fication against  the  Indians,  at  the  mouth  of  the  St.  Peter  river,  its 
greatest  height.  From  here  to  St.  Anthony  the  height,  as  well  as  the 
thickness,  of  the  sandstone  gradually  diminishes.  I  have  never  yet 
succeeded  in  finding  any  fossils  in  this  sand,  and  Owen  regards  it  as 
entirely  destitute  of  fossil  remains.  As  it  every wr. ere  appears  in  close 
connection  with  the  overlying  limestone  beds,  which  contain  a  great 
number  of  fossils  characteristic  of  the  Trenton  of  New  York  and  the 
Llandeilo  Flags  of  England,  it  must  for  that  reason  be  placed  with 
them  in  the  same  group,  and  is  regarded  by  American  geologists  as  the 
western  equivalent  of  the  Chazy  limestone. 

It  seems  at  first  a  remarkable  circumstance  that  so  old  a  sandstone, 
covered  by  limestone  beds,  should  possess  so  little  firmness,  but  on  ex- 
amining carefully  the  stratification,  a  shale  bed  is  discovered  between 
the  limestone  and  the  sandrock,  by  which  a  supply  of  limy  cement 
must  be  entirely  cut  off.  Indeed  in  the  upper  part  of  the  sandstone 
are  shaly  layers,  and  they  attain,  under  the  limestone,  a  thickness  of 
one  and  a  half  to  two  feet.  The  shale  has  a  dull  blue  color ,effer(Bsces 
with  acids,  on  being  dried  falls  away  in  long  shaly  fragments,  and  is 
converted  to  a  thick  paste  when  exposed  to  the  influence  of  water  and 
air. 

Concerning  the  stratification  of  the  Trenton,  as  it  is  displayed  on 
the  upper  Mississippi,  I  shall  speak  in  a  later  work.*  The  cities  of  St. 
Paul,  Minneapolis  and  St.  Anthony  are  built  upon  the  same  rock-beds, 
and  in  St.  Paul  especially  are  found  numerous  outcrops.  The  lime- 
stones are  clayey  or  dolomitie.  The  middle  portion,  which  is  the 
greatest,  furnishes  a  very  good  building  material,  of  which  the  stone 

♦The  Inyeni  of  the  Trenton  have  had  formerly  a  moch  greater  extent.  In  eontheaittera  Minnesota 
are  many  isolated  patches  of  Umestone  and  of  the  St.  Peter  sandstone  yet  to  be  brought  to  light  and  de- 
scribed.  The  fine  sand  which  has  so  great  an  extent  in  the  banks  of  the  St.  Peter  river  is  derived  from 
the  weathered  and  scattered  debris  of  sandrock. 
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structures  of  the  cities  meutioned  are  built.     The  best  known  fossils 
are: 

Orthis  tricenaria,     Conrad. 

Orthis  tesUidifiaria.     Dalm. 

Leptaena  sericea.     Sow. 

A  smooth  Pentamerus  and  a  Strophometux. 

Murchisonia  bicincta. 

Bellerophon  bilobatus.    Sow.  • 

All  characteristic  shells  of  the  Trenton,  and  partly  also  of  the 
Llaudeilo  Flags  of  England. 

In  the  higher  layers  are  added  corals  and  brachiopods  as  well  as  a 
trilobite,  which  are  not  seen  in  the  lower  layers.  They  are  for  the 
most  part  the  following : 

Rhynchonella  recurvirostra.     Hall. 

Rhynchonelh  inrrebescens.     Hall. 

Petraia  carniculum.    Hall. 

Stenapora  fibrosa.     Goldf . 

Calymene  senm-if/.     (Blumenhachii.) 

Ptilodictya  sp. — 
fossils  which  altogether  have  been  assigned  to  the  Trenton  by  Logan 
in  Canada. 

Six  miles  above  St.  Paul  the  Minnesota  or  St.  Peter's  river  empties 
into  the  Mississippi,  having  its  source  in  a  lake  on  the  boundary  line 
of  Dakota.  In  its  banks  the  lower  beds  of  the  Silurian  again  outcrop. 
Still  its  banks  remain  much  lower  than  those  of  the  Mississippi,  and 
the  lower  sandstone  nowhere  reaches  a  greater  thickness  than  35  feet 
above  the  yeater.* 

Between  Minneapolis  and  St.  Anthony,  which  lie  opposite  each 
other,  tjie  Mississippi  forms  at  the  present  time  a  water-fall  which,  in 
a  manner  similar  to  Niagara,  only  at  a  greater  rate,  is  kept  in  constant 
recession.  The  white  sandstone,  or  rather  the  sand  bank,  is  exposed 
unceasingly  to  the  influence  of  the  falling  water.  It  is  washed  out» 
and  the  overlying  limestone  beds  are  broken  ofiF  in  great  sheets  which 
fall  down.  This  process  can  be  observed  everywhere  in  the  neighbor- 
hood of  the  falls  In  the  midst  of  the  river-channel  lie  the  limestone 
masses  scattered  here  and  there  in  wild  confusion.  The  falls  are  now 
but  twenty  feet  high,  yet  must  have  had  formerly,  when  the  water 
plunged  from  the  limestone  beds,  further  down  the  river,  a  much 
greater  height.     Plans  have  l>een  sought  for  to  keep  the  falls  in  the 

*The  "Lower  Sandotonc*'  here  referred  to  la  the  Jordan  sandstone,  and  is  not  the  *'Lower  Sandtton*** 
teen  in  the  MiNsisftlppl  bluffs    [N.  H  W.] 


Digitized  by  VjOOQIC 


STATE  GEOLOGIST.  183 

«ame  place  by  means  of  dams,  canals  and  locks,  since  both  St.  Anthony 
and  Minneapolis  are  manufacturing  cities,  and  the  timber  from  the 
northern  part  of  the  State  is  here  sawed  in  a  large  number  of  mills. 

Every  little  stream  that  enters  the  Mississippi  over  its  high  blufls 
exhibits  in  a  small  way  the  same  phenomena.  Hence  arise  a  number 
of  sD:ialler  very  picturesque  water-falls,  which  are  met  with  in  the 
neighborhood  of  both  the  cities  mentioned,  among  which  Minnehaha 
(Laughing-water)  is  best  known. 

The  Trenton  limestont  is  the  youngest  member  of  the  Silurian  for- 
mation that  I  have  as  yet  been  able  to  find  in  the  banks  of  the  Missis- 
sippi.* In  southern  Minnesota  it  seems  also  that  the  equivalents  of 
the  Hudson  river  and  Clinton  formations  are  found.  During  the  writ- 
ing of  this  sketch  I  have  seen  in  an  American  teacher's  monthly  jour- 
nal a  little  treatise  on  the  geology  of  southern  Minnesota,  in  which  the 
author  mentions  in  the  banks  of  Root  river,  a  tributary  of  the  Missis- 
sippi, a  hundred  and  forty  feet  of  beds  of  shale  and  shaly  layers 
overlying  the  Trenton  limestone,  and  covered  by  still  other  beds  of 
sandstone  with  a  thickness  of  a  hundred  and  fifty  feet.f  Still  I  have 
not  been  able  to  learn  anything  in  detail  concerning  these  layers;  and 
inasmuch  as  no  fossils  from  these  beds  were  mentioned  their  age  still 
remains  questionable,  although  it  is  not  unlikely  that  the  younger 
members  of  the  Silurian  pass  from  northern  Iowa  to  this  side  of  the 
Minnesota  boundary.  I  have  exhibited  the  boundaries  of  the  Upper 
Silurian  and  Devonian  in  southeastern  Minnesota  on  the  accompany- 
ing plate,  according  to  the  representation  of  Mr.  Hurlbut. 

Above  St.  Anthony  the  older  formations  are  covered  by  sand  and 
drift  for  a  distance  of  sixty  miles,  and  the  banks  of  the  Mississippi 
«how  no  outcrops.  A  few  miles  below  the  city  of  St.  Cloud  the  area 
of  the  crystalline  rocks  begins.  The  stratigraphical  relations  of  the 
sedimentary  formations  in  respect  to  these  outcrops  of  granitic  rocks 
unfortunately  cannot  be  ascertained.  The  most  southerly  point  at 
-which  I  found  the  granitic  rock  was  on  the  Sauk  river,  one  of  the  im- 
portant tributaries  of  the  Mississippi  river  in  this  region.  Also  be- 
tiveen  these  rivers  low  outcrops  of  granite  rock  suddenly  appear  in  the 
midst  of  the  forest.  In  the  banks  of  the  Mississippi  itself  no  outcrops 
of  granite  are  known  so  far  south.  The  strike  of  the  crystalline  rock 
•seems,  for  that  reason,  to  run  in  a  north  northeasterly  direction.  It 
forms  low  hills,  and  flat,  or  somewhat  rounded,  knolls,  which  rise  sud- 

'^The  Hudson  RiTer  beds  can  be  seen  at  St.  Paul,  with  a  thickness  of  about  100  feet.    [N.  H.  W.] 
+W.  D.  Hurlbut,  In  the  MInnesoU  Teacher,  February,  :871. 
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denly  above  the  swampy  plains.  The  Mississippi  continues  twenty 
miles  in  this  way — toward  the  north  then  it  enters  on  a  belt  of  metam- 
Orphic  schists  of  about  the  same  width,  of  which  I  only  had  informa- 
tion of  a  mica-schist  containing  a  great  number  of  beautiful  stauro- 
lite  crystals. 

The  cr}'stalline  rocks  of  the  Upper  Mississippi  show  a  great  differ 
ence  in  their  structure.  They  consist,  for  the  most  part  of  hornblende, 
orthoclase,  oligoclase  and  mica.  Quartz,  indeed,  is  generally  also  pres' 
ent,  though  often  in  very  small  amount.  Real  granites,  disregarding 
several  fine  granite-porphyries,  are  apparently  rare,  as  well  as  real 
syenites.  These  rocks  are  in  many  respects  interesting  and  I  am  pre- 
paring a  more  special  work  on  the  subject.  The  syenite-granites,  as  I 
shall  provisionally  designate  them,  show  numerous  changes  from  horn' 
blende  to  mica.  Many  parts  are  homblendic  on  the  borders,  and  others 
are  completely  covered  over  with  mica  scales.  The  hornblende  is 
greenish-black,  lustrous  or  earthy,  the  mica  dark-brown,  and  very 
glistening. 

Quarries  have  lately  been  opened  in  different  rocks  of  this  range; 
they  are  to  be  used  as  building-stone,  which,  till  now,  has  been  con 
fined  to  the  bluish  dolomitic  limestone  of  St.  Paul  and  St.  Anthony. 
At  St.  Cloud  a  rock  has  been  opened,  which  shows  uniformly  a  tlt^ar- 
blue  color  which  is  derived  from  the  bluish -white,  translucent,  felds- 
par. The  United  States  Custom  House,  in  St.  Paul,  is  now  partly 
built  of  it,  and  it  has  also  been  used  a  little  in  smaller  buildings.  At 
Sauk  Rapids  is  a  similar  rock,  bearing  less  quartz  and  more  hornblende, 
used  in  the  construction  of  a  dam,  and  for  bridge-piers.  Further  north 
has  been  opened  for  several  months  a  quarry  in  a  very  fine  decided  gran- 
ite. The  greatly  predominating  orthoclase  has,  in  fresh  condition,  a 
glistening  white  color.  Next  to  that  in  amount  comes  the  quartz,  in 
grayish  grains,  and  then  black  mica.  This  rock  is  also  known  as 
"  Watab  white  granite,"  and,  as  soon  as  the  railroad  which  now  only 
reaches  as  far  as  Sauk  Rapids,  is  extended  further,  will  be  largely  trans 
ported  to  Chicago  and  St.  Louis  for  large  buildings. 

In  the  whole  Mississipi  valley,  from  New  Orleans  to  St.  Cloud,  no 
crystalline  rocks  are  found,  and  it  has  been  necessary  to  use,  unti^ 
now,  limestone  and  sandstone,  of  rather  inferior  quality,  as  material 
for  building.  The  quarrying  of  these  granite  rocks  on  the  upper 
Mississippi  promises  for  Minnesota  in  the  future  to  become  an  import- 
ant industry. 

In  a  south  south-westerly  direction  appears  a  similar  region  of  crys- 
tall  ine  rocks,  exposed  on  the  Minnesota  river,  where  Owen  observed 
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granite  and  syenitic  rocks  over  an  extent  of  45  miles,  between  the 
Cottonwood  and  Redwood  rivers.  The  region  between  these  points 
furnishes  no  outcrops.  It  consists  partly  of  rolling  prairie,  and  has 
many  lakes  on  the  shores  of  which  water-worn  drift-boulders  are 
heaped  up.  The  drift  here  is  very  thick;  and  as  the  leveling  for  the 
building  of  the  Pacific  railroad  has  been  carried  over  it,  it  is  found  to 
constitute  a  high  plateau  between  the  Sauk  and  Minnesota  rivers. 

While  on  one  side  the  hight  of  the  first  plateau  at  the  Mississippi 
reaches  760  to  800  feet  above  the  sea  level,  and  lake  Traverse  on  the 
Dakota  boundary  on  the  other  side  lies  825  feet  above  the  sea,  the  line 
of  divide  through  this  high  plateau,  in  the  strike  of  the  granite  range, 
is  from  1,100  to  1,250  feet  above  the  sea. 

According  to  Whittlesey  who  has  passed  repeatedly  over  the  region, 
there  is  a  connection  between  the  granites  of  the  upper  Mississippi 
and  those  of  the  Minnesota.  He  even  goes  further,  and  continues  the 
range  northeastwardly  along  the  watershed  north  of  lake  Superior. 
The  crystalline  rocks  observed  by  him  on  the  upper  course  of  the  Rum 
river,  south  of  Mille  Lacs  lake,  lie  in  the  same  prolongation.  The 
slight  elevation  of  the  ridges  and  the  thickness  of  the  drift,  make  it, 
nevertheless,  as  yet  impossible  to  demonstrate  the  connection. 

Also  Norwood,  on  the  map  of  the  geological  survey,  in  the  atlas  to 
Owen*s  report,  extends  the  line  of  the  crystalline  rocks  from  the  upper 
Mississippi  to  the  Minnesota  river.  Further,  he  unites  it  with  the 
area  of  granite  and  crystalline  schists  in  the  extreme  northern  part  of 
the  state,  which  apparently  correspond  in  age  and  composition  to  the 
Laurentian  system  of  Caiiada.  Prof.  Hall  says  that  the  rocks  in  the 
neighborhood  of  the  Redwood  river  have  a  gneissic  character,  and 
belong  to  the  laurentian  system.  The  metamorphosed  sandstones  and 
quartzyte  which  outcrop  in  the  region  and  are  extended  widely  over 
southwestern  Minnesota,  he  places  in  the  Huronian.  The  relations 
which  these  systems  sustain  to  each  other  are  at  present  not  yet 
ascertained. 

Yet  all  the  present  indications  are  that  a  wide  zone  of  Laurentian 
rocks  goes  diagonally  through  Minnesota,  and  is  accompanied  on  both 
sides  by  Huronian  rocks.  Until  now,  the  latter  were  known  only  to 
the  north  of  lake  Superior.  Their  presence,  however,  in  southern 
Minnesota,  Prof.  Hall  has  called  attention  to,  where  he  has  also  assign- 
ed the  celebrated  ** Pipestone  Quarry*'  to  the  same  age.  As  I  shall 
show  in  the  course  of  this  work,  the  roofing  slates  on  the  St.  Louis 
river  must  also  be  reckoned  in  the  Huronian  formation. 

The  interval  between  the  Mississippi  and  the  Red  river  of  the  North, 
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amounts  to  120  miles.  Over  this  whole  extent  no  outcropping  rock 
has  been  known  with  certainty.  It  is  nevertheless  probable  that  the 
regular  succession  of  Silurian  rocks  which  are  displayed  on  the  east  of 
the  granites  and  crystalline  schists,  returns  again  on  the  west.  Be- 
sides, Owen  mentions  a  spot  on  the  Red  river  in  the  neighborhood  of 
the  present  town  of  Breckenridge  where  the  Lower  Silurian  limestone 
is  exposed.*  As  far  as^y  knowledge  goes,  this  is  at  the  present  time 
the  only* spot  on  the  Red  river,  this  side  the  international  boundary, 
where  an  outcropping  rock  has  been  observed.  Waterworn  pieces  of 
Silurian  limestone  are,  however,  of  very  frequent  occurrence  in  the 
drift  of  the  Red  river  valley.  Whittlesey  mentions  Potsdam  Sandstone 
at  the  falls  of  Pokegama  on  the  Mississippi  in  north  latitude  47°  15^, 
northwest  of  the  Laurentian  belt.  This  observation  had,  indeed,  also 
been  made  by  Owen,  and  this  seems  to  be  the  reason  why  Norwood  ex- 
tends the  oldest  members  of  the  Silurian  on  his  chart  to  this  place. 

A  very  interesting  portion  of  Minnesota  to  the  geologist,  is  the  east- 
ern; viz. :  the  shores  of  lake  Superior  and  the  bluffs  of  the  St.  Louis 
and  St.  Croix  rivers.  The  St.  Croix  valley  which  forms  the  boundary 
line  of  Wisconsin,  lies,  for  the  most  part,  in  the  lowest  beds  of  the 
Silurian.  The  principal  fossils  of  the  Potsdam  Sandstone,  and  of  the 
lower  dolomite  are  found  in  this  valley.  The  greatest  thickness 
of  this  sandstone  above  the  water  reaches  170  feet;  also  the  dolomite 
here  reaches  the  thickness  of  100  feet.  The  beds  are  apparently  hori- 
zontal, but  in  general  they  have  a  gentle  dip  toward  the  south.^  Forty- 
five  miles  above  its  mouth  the  river  is  contracted,  and  suddenly  its 
banks  take  on  a  diflFerent  character.  In  place  of  the  regular  contour 
lines  of  the  sandstone,  are  rough  jagged  rocks  which  outcrop  close  by 
the  water.  Here  one  stands  on  the  rocks  of  the  celebrated  and  pictur- 
esque *'  Dalles  **  or  Felsenhallen  of  the  St.  Croix.  The  rock  has  been 
named  by  American  geologists  **  porphyritic  trap,"  and  it  resembles 
the  Norwegian  porphyry,  which  can  be  seen  at  Bogstadt  on  the  west 
side  of  the  Christiana  Fiord.  Several  beds  of  this  rock  are  cut  through 
by  the  river,  and  alternate  in  the  banks  with  the  layers  of  the  Pots- 
dam Sandstone.  As  yet,  I  have  had  the  opportunity  only  to  examine 
this  interesting  rock  over  a  small  area  in  the  neighborhood  of  the  town 
of  Taylor's  Falls,  near  the  falls  of  the  St.  Croix.  Here  it  is  exhibited 
as  a  beautiful,  quartzless  porphyry,  or  porphyryte,  and  constitutes  the 
shores  of  the  river  and  the  hill-ranges, 

I  reached  the  river  from  the  west  side.  After  I  had  traveled  for 
hours  from  St.  Paul  over  the  beautiful  prairie,  suddenly  the  deep  and 

♦No  one  elM  hat  ever  Men  ihi«  outcrop  of  llroeetoiie.— [N^'  H.  W.] 
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widely  cut  valley  presented  itself  right  before  me.  It  was  a  surpris" 
ing  sight.  With  the  greatest  regularity  of  hight,  lay  several  terraces 
above  each  other,  and  with  the  same  hight  they  were  visible  also  along 
the  opposite  bluffs  on  the  Wisconsin  side.  '  Taylor's  Falls  is  built  on 
the  first  terrace,  at  the  foot  of  which  the  water  boils  over  the  rock 
crags  with  the  noise  of  thunder.  Right  opposite  lie  the  falling  ruins 
of  a  town  in  Wisconsin  named  St.  Croix  Falls,  which  owes  its  hasty 
bloom  and  its  short,  ephemeral  existence  to  the  speculation  of  several 
enterprising  Yankees.  Taylor's  Falls  is  what  is  called  in  the  west,  a 
lumbering 'town,  that  is,  a  place  where  the  lumbermen  of  the  St.  Croix 
buy  provisions,  and  from  which,  every  winter,  the  men  depart  for  the 
pineries.  The  high  hills  which  enclose  the  place  consist  of  porphjrry. 
Further  down  the  river  appears  the  Potsdam  sandstone. 

The  river  here  does  not  cut  through  a  single  ridge  of  the  crystalline 
rock,  but  several  diagonal  ridges  of  an  area  of  porphyry.     The  rock 
has  a  pretty  uniform  character  throughout  its  whole  extent.      The 
ground-mass  is  cry pto-crystalline  and  haa  a  dark-green  color.     Under 
the  loop  can  be  seen  a  dark,  non-translucent  mineral,  which  in  many 
places  is  formed  in  fibrous  particles  [stangligen  partien],  and  a  trans- 
lucent mineral  having  the  color  of  olivine.      The  feldspar  crystals, 
which  vary  from  dark-brown  to  black,  give  the  rock  a  characteristic 
spotted  appearance.     The  feldspar  shows  very  evident  striation  and 
twinning,  and  seems  to  be  the  same  as  that  in  the  brown  porphyry  of 
lake  Superior.     I  have  found  iron-pyrites  only  as  an  accessory  portion. 
In  several  places  the  rock  holds  amygdules,  the  only  material  of  which 
seems  to  be  white  translucent  quartz. 

The  relation  of  the  porphyry  to  the  sandstone  beds  is  interesting. 
Owen  assumes  that  the  latter  have  been  broken  through  and  cut  by 
the  trap,  although,  thereby  neither  their  texture  nor  their  horizontal 
position  have  been  changed.  I  cannot  confirm  that  view,  but  believe 
the  relations  of  these  rocks  at  Taylor's  Falls  must  require  that  the 
porphyry  is  older  than  the  sedimentary  beds.* 

Indeed,  the  layers  of  the  sandstone,  wholly  undisturbed,  as  can  be 
seen  on  both  shores,  demonstrate  that.  Furthermore,  I  observed  on 
the  right  bank  of  the  river,  the  rock-profile,  seen  in  Fig.  1. 

The  sandstone  beds  here  lie  horizontal  over  the  porphyry,  and  con- 
tinue in  this  manner  over  an  extended  area.  They  contain  a  number 
of  fossils  which  are  very  beautifully  preserved,  and  prove,  even  as 
niiich  as  the  texture  of  the  sandrock,  the  insignificant  influence  of  any 
later  outbreak  of  plutonic  rock.     A  better  proof  of  the  greater  age  of 

T"  ICIOM 1*  iupported  In  this  by  Mr.  Sweet,  of  the  geologfoni  annrey  of  Wlseontin.    [N.  H.  W.] 
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the  porphyry  was  afforded  Die  by  a  conglomerate  which  consists  of 
nothing  but  large  water  worn  masses  of  the  porphyry,  the  position  of 


Fig.  1. 

n  a.  Pot«dam  sand-itone;  the  projecting  beds  which  lieander  the  first  river- terrace,  ou  which  Taylor's 
Pails  is  bailt.    b  b.  Porpliyry. 

which  is  between  the  porphyry  and  the  sandstone.  This  singular  rock^ 
which  I  saw  only  in  one  spot,  but  in  a  considerable  thickness,  descends 
from  the  porphyry  down  to  the  neighborhood  of  the  sandstone.  The 
water-worn  masses,  which  occasionally  reach  a  considerable  size,  lie 
immediately  in  contact  with  each  other,  and  have  but  a  slight  cement- 
ing material  between  them.  Still  the  rock  is  very  hard,  and  plainly 
bedded.  The  rounded  masses  and  the  cementing  material  consist  alto- 
gether of  more  or  less  decomposed  porphyry.  Unfortunately  the  spot 
where  the  conglomerate  lies  under  the  sandstone,  is  covered  with  vege- 
tation.    (See  Fig.  2.)* 

The  character  of  the  different  beds  which  compose  the  sandstone  at 
Taylor's  Falls  changes  greatly  in  short  intervals.  The  layers  on  the 
Minnesota  side  form  a  more  continuous,  projecting  terrace  than  on  the 
Wisconsin  side,  where,  between  the  porphyry  ranges,  are  several  shal- 
low or  flat  troughs.  Going  along  the  shore,  I  passed  over  several  small 
hills,  outrunners  of  the  main  hill  range  which  forms  a  belt  parallel 
with  the  river.  Between  these  small  hills  lie  the  layers  of  sandstone, 
which  descend  on  both  sides  level  to  the  middle  of  the  trough.  If  one 
ascends  the  main  hill-range,  nothing  can  be  seen  of  the  sandstone. 
How  far  the  porphyry  extends  on  each  side  from  the  river  is  unknown. 
In  Minnesota,  it  disappears  soon  under  the  drift. 

♦  Whittie«ey  mentions  Beveml  spots  in  the  neighborhood  of  lake  Saperior  whore  the  beds  of  the  Pots- 
dam sandstone  lie  upon  the  p  rphyry.  both  on  the  southern  shore,  at  Kewcnaw  Point,  in  Wisconi«in, 
Hod  along  the  northern  coa.-t.  But  yet  there  can  be  no  doubt  that  there  is  a  porphyry  and  melaphyr 
o.  the  age  of  the  Potsdam  sandstone,  tlie  layers  of  which  it  broke  through  and  upturned.  It  seemi^ 
that  the  outflow  of  thin  quartzless  porphyry  beg.^n  in  Huronlan  time,  and  continued  through  the  first 
part  of  the  Silurian.  The  inclusion  of  the  sandstone  within  the  porphyry,  mentioned  by  Owen,  I  have 
uot  been  able  to  And  at  Taylor's  Falls,  though  I  have  made  dilligenl  search. 
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Fig.  2. 


„  a  Sandstone; 
<.  Porphyry.    . 


h  b  Conglomonte; 


In  one  of  these  troughs  the  rock  consists 
of  thin  layers  of  dolomitic  marl.  It  has  a 
clear-gray  color,  a  smooth,  conchoidal  frac- 
ture like  limestone,  and  crumbles  in  the  air, 
and  at  the  same  time  it  assumes  a  dazzling 
white  color  At  the  first  glance  one  is  apt 
to  take  it  for  a  limestone;  yet  as  it  does  not 
eflFervesce  at  all  with  acids,  it  must  be  prin- 
cipally dolomitic.  Further  up  the  river  lie 
dark,  iron-stained,  firm  crystalline  layers  of 
a  sandy  limestone;  also  the  same  in  thin 
layers.  At  the  same  level  on  the  Minnesota 
side  is  a  clayey  sandstone  which  does  not 
effervesce  with  acids.  It  varies  from  fine 
to  coarse  grained.  The  latter  prevails  in 
the  lower  portion  of  the  confused  mass,  and 
forms  a  high  bank  which  rests  immediately 
on  the  porphyry. 

All  these  rocks  carry  the  known  species 
of  Lifigula,  Those  with  the  narrow  ex- 
tended beak  (L.  avtiqua),  and  those  which 
are  shorter  and  wider  {L.  prisca)  are  very 
abundant,  and  completely  fill  some  of  the 
layers.  Specimens  of  the  former  frequently 
reach  five-eighths  inch  in  length.  Besides 
LmguJa  there  are  also  species  of  Orbicula 
and  Obolus,  and  trilobite  shields  as  large  as 
peas  (Conocephnlifea  minufus?).  The  shells 
seem  to  be  distributed  in  certain  belts  in 
the  layers;  especially  is  this  the  case  in  the 
coarse,  conglomeritic  sandstone."^ 

The  varied  composition  of  the  beds  in 
their  general  relations  is  remarkable.  It  is 
true  a  simple  layering  one  over  the  other  can 
be  seen;  on  the  other  hand  they  all  seem  to 

*The  large  wedge-shaped  Linirula  Owen  baa  deecrtbed  aa  a 
new  species,  namlne  it  L-  pinnmff*rmit%  on  aeconnt  of  Its  re. 
semblanse  to  a  pinna.  Nevertheless  his  iUastratlon  of  it  can> 
not  be  dietingoished  fW)ni  L.  nwtujwi.  and  in  his  description  he 
does  not  bring  forward  the  difibrence  between  it  and  the  older 
species.  Another  peculiar  specie^  which  Owen  cites  from  the 
Taylor's  Palla  beds  Is  the  Orbicula  vrimn,  a  very  well  defined 
shell,  bat  which  still  may  be  identical  with  opecles  of  Orhi*i* 
ula  described  before  from  other  olaces.  I  have  no  opportnnity 
here  to  investigate  the  specific  difitarences,  and  I  shall  retnrn  to 
it  again  later. 
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occupy  the  same  level;  both  sandstone  and  dolomitic  shale  outcroi> 
opposite  each  other  in  the  banks  of  the  river  at  the  same  hight,  and 
they  YSLTy  birt  little  from  the  horizontal. 

In  order  to  obtain  an  examination  of  the  relations  of  the 
sedimentary  beds  to  the  porphyry  and  melaphyr-like  rocks  of  the 
north  shore  of  Lake  Superior,  I  made  a  trip  the  past  fall  to  the  west 
end  of  that  lake.  The  railroad  which  connects  St.  Paul  with  this 
great  American  lake  was  completed  the  first  of  August  of  the  former 
year.  An  iron  track  of  155  miles  now  connects  the  end  of  navigation 
from  the  Atlantic  Ocean  with  the  head  of  navigation  of  the  Missis- 
sippi. Till  within  a  short  tirap  it  was  very  difficult  to  travel  from 
there  to  the  head  of  Lake  Superior — now  one  rides  there  in  a  few 
hours.  The  commencement  of  the  autumn  storms  made  it  impossible 
to  carry  out  my  plan,  and  I  was  compelled  to  ccmfine  my  observations 
to  the  St.  Louis  river  and  the  immediate  neighborhood  of  the  railroad. 

Except  a  few  cuts  in  the  Trenton  limestone  in  the  suburbs  of  St. 
Paul,  the  tract  of  country  crossed  by  the  Lake  Superior  road  aflFordn 
no  outcrops  of  rock  till  one  reaches  the  valley  of  the  St.  Louis  river. 
A  vast  forest,  for  the  greater  part'  c(j^isisting  of  pine,  covers  over  the 
whole  region.  The  land  is  generally  flat  and  swampy.  The  railroad 
surveys  have  established  the  highest  point  at  567  feet  above  Lake  Su- 
perior, or  1,167  feet  above  the  ocean.  Thii  point  is  120  miles  from  St. 
Paul  and  35  miles  from  the  lake.  On  all  sides  the  plateau  is  flat,  de- 
scending gently  in  both  directions. 

The  first  outcropping  rock  appears  in  low  ridges  in  the  midst  of  a 
cedar  swamp  near  the  St.  Louis  river,  and  at  this  place  occurs  the  first 
opportunity  since  leaving  the  Mississippi,  to  behold  the  bedded  rocks.  * 
From  here  to  the  lake  there  is  much  rock,  which  offers  an  extended 
and  little  explored  field  for  geological  studies.  During  my  short  visit 
r  could  only  make  obeervations  at  a  few  points.  The  region  is  for  the 
most  part  difficult  to  travel  over.  Extensive  forests  and  swamps  con- 
ceal the  rock  from  view.  There  are  no  roads— even  between  the  dif- 
ferent stations  and  new  places  on  the  railroad  it  is  necessary  to  travel 
on  the  railroad  itself.  When  the  rivers  and  streams  are  no  longer 
passable  for  canoes,  it  is  necessary  to  scramble  from  rock  to  rock  in 
order  to  be  able  to  look  at  the  neighboring  country.  A  slippery  red 
clay  forms  the  surface  covering,  wherever  the  black  soil  is  torn  up. 
Wherever  the  trees  have  been  cut  and  the  brush  burnt,  wherever  road^ 
have  begun  to  be  laid  out,  it  is  entirely  impossible  to  travel  after  the 

*The  bedded  rocks,  hcm'ever,  also  Appear  In  outcrop  at  White  Bear  Lake,  at  Hinckley  and  at  Moose 
I^ke.    [N.H.W.] 
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occurrence  of  a  few  showers  of  rain.  The  whole  region  bears,  more 
than  any  other  in  Minnesota,  the  stamp  of  wildness  and  primitiveness^ 
It  has  been  asked,  what  can  be  made  of  it.  It  will  require  immense 
resources  and  great  labor  to  make  it  habitable  and  productive. 

The  St.  Louis  river  comes  from  the  north,  from  a  region  of  granite 
gneiss  and  mica  schist  about  Vermilion  lake,  and  turns,  just  before  its 
waters  reach  Lake  Superior,  with  a  sharp  angle  to  the  east.  Here  the 
railroad  company  has  constructed  a  high  bridge  over  the  river,  and  a 
new  town  is  established  which  has  been  named  Thompson,  from  one 
of  the  officers  of  the  company.  The  water  has  broken  through  the 
steepey  tilted  beds,  and  here  forms  a  long  succession  of  falls  and  rapids, 
which  in  a  few  milefs  produce  a  descent  of  370  feet,  and  are  known  as 
the  Rapids  of  the  St.  Louis  River,  The  valley  is  narrow  and  shut  in 
by  high  picturesque  cliffs.  A  dark  fir-tree  forest  covers  the  hills  about 
— indeed  no  region  of  America  has  reminded  me  so  forcibly  of  the  val- 
leys of  the  Hartz  mountains,  and  especially'  of  the  Bode  and  a  part  of 
the  Okerthales. 

The  rocks  also  are  similar  to  th^  rocks  of  the  Hartz.  The  various 
strata  consist  alternately  of  dark-blue  crystalline  layers,  frequently  in 
the  form  of  roofing  slates,  and  a  light  firm  sandrock  or  quartzyte 
which  looks  like  many  German  graywacke  sandstones.* 

There  has  been  formed  a  company  for  the  manufacture  of  the  roof- 
ing slates.     Two  quarries  have  been  opened  which  promise  good  re- 
sults.    The  slate  is  carried  to  St.  Paul  by  the  railroad;  and  this  may 
become  in  the  future  a  profitable  industry.     Norwood  also  mentions 
other  slates  on  the  St.  Louis  which  are  of  a  talcose  and  chloritic  na- 
ture.     Since  they  are  found  further  up  the  river,  they  are  in  age 
earlier  than  the  roofing  slates.     He  has  also  noted  a  steep  dip  in  the 
layers   in  opposite  directions,  which  he  ascribed  to  the  injection  of 
igneous  rocks.     But  these  he  did  not  find.     I  also  found  no  crystalline 
Tock^y  and  T  am  not  of  the  opinion  that  at  the  falls  of  the  St.  Louis 
river  any  local  cause  appears  that  produced  the  disturbance  of  the  lay- 
ers.     So  far  as  known  to  me  the  bedded  rocks  of  northern  Minnesota 
ivhich  are   older  than  the  Silurian,  have  been  upheaved  in  the  same 
manner.      The  beds  are  broken  in  a  jagged  form,  and  stand  out  boldly 
-       little   rock-islands  in  the  very  channel  of  the  river,  by  which  the 
uartzyte  and  slaty  layers  are  always  easy  to  distinguish,  because  the 
f  rmer  constitute  the  elevated  parts  and  the  latter  the  troughs  of  the 
tcroppi^S  ^^y^rs,  as  they  are  eroded  and  excavated  by  the  water. 
1^     fossils  have  yet  been  found  in  these  beds.    The  inclusions  consist 

—  n«rt«y  *®  •aems  to  hnYe  been  Uken  for  greenstone  both  by  Norwood  and  Eames. 
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of  little  sulphur  nodules.  The  principal  quartzyte  beds  are  penetrated 
by  veins  which  are  composed  of  quartz  and  calc-spar.  Lines  of  feld" 
spar  are  also  of  frequent  occurrence  in  the  slates. 

Probably  this  whole  formation  belongs  to^  the'  Huronian  system 
which  on  Lake  Huron  and  in  the  upper  Peninsula  of  Michigan,  ap- 
pears between  the  Laurentian  system  and  the  lower  Silurian.  The 
position  here  exactly  corresponds  to  that  horizon.  Credner  in  his  work* 
on  the  pre-Silurian  formations  of  the  Upper  Peninsula  of  Michigan,  re- 
gards as  a  member  of  the  Huronian  a  series  of  clay -slates  and  quartz- 
yte beds  of  which  the  description  applies  equally  well  to  these  rocks. 
Chloritic  slates  constitute  there  as  here  a  portion  of  the  formation. 
The  Potsdam  Sandstone  lies  upon  the  outcropping  beds  in  Michigan  in 
the  same  manner  as  it  can  be  seen  to  do  on  these  beds  further  down 
the  river  at  Fond  du  Lac.  I  have  not  examined  this  point  myself,  but 
quote  Norwood's  report,  as  to  the  facts,  as  follows:  "Not  far  from 
the  village  of  Fond  du  Lac  the  clay  slates  and  chloritic  slates  are  lost 
under  the  conglomerates  and  red  sandstones  of  Lake  Superior,  the 
lower  part  of  the  Potsdam  system.  The  latter  lie  upon  the  outcrop- 
ping edges  of  the  slates,  with  an  inclination  of  six  or  seven  degrees, 
but  dip  in  the  same  direction.*'  The  place  where  the  two  systems  lie 
unconformable  to  each  other  does  not  exceed  three  miles  from  the  rail- 
road bridge  at  Thompson,  according  to  the  statements  of  "Norwood. 
From  the  position  of  the  clay  slates,  one  can  infer  the  presence  of  the 
iron -bearing  beds  which  in  Michigan  characterize  the  lower  part  of 
the  Huronian.  Perhaps  these  are  the  iron  beds  at  Vermilion  lake,  in 
the  neighborhood  of  which  the  metamorphic  layers  of  the  Laurentian 
begin. 

Only  at  one  place  is  the  red  sandstone  to  be  seen  near  the  railroad 
in  the  neighborhood  of  Lake  Superior.  This  can  not  be  far  from  the 
spot  where  this  rock,  in  connection  with  the  coarse  conglomerate,  lies 
unconformably  upon  the  Huronian.  The  beds  here  lie  nearly  horizon- 
tal, with  a  slight  inclination  toward  the  south.  The  upper  cuts  of  the 
railroad  are  in  red  clay  before  mentioned  which,  with  varying  beds  of 
shale,  sand  and  gravel,  covers  the  older  formations  north  and  south 
from  the  great  lake.  It  embraces  a  great  extent  of  territory,, reaches 
the  height  of  600  or  700  feet  above  the  water  level,  and  fills  the  valleys 
intervening  between  the  ridges  of  the  clay  slates  and  quartzytes. 

At  the  end  of  the  railroad,  where  at  the  present  time  the  streets  of 
the  new  city  of  Duluth  are  being  laid  out  on  a  steep  hillside  with  an 
outlay  of  unprecedented  expense,  are  large  exposures  of  different  kinds 

•This  Journal,  1119,  p.  888. 


Digitized  by  VjOOQIC 


STATE   GEOLOGIST.  193 

of  crystalline  rocks.  These  form  the  shores  on  the  left  of  St.  Louis 
Bay  and  of  the  Bay  of  Superior.  The  former  consists  of  a  widening 
of  the  mouth  of  the  river,  the  latter  of  a  part  of  the  lake  shut  in  by  a 
narrow  strip  of  land,  forming  a  fine  harbor.  The  conformation  of  the 
west  end  of  Lake  Superior  is  in  the  highest  degree  remarkable.  Two 
small  tongues  of  land  project  parallel  with  each  from  the  shore,  and 
are  met  by  narrow  points  extended  in  the  same  way  from  the  Wiscon- 
sin shore.  Narrow  channels  or  passes  only  are  left  so  as  to  admit  to 
the  waters  enclosed  between  them.  The  outermost  of  these  strips  of 
land,  Minnesota  Point,  is  six  miles  long,  and  has  a  mean  width  of  only 
6O0  feet.  It  consists  of  beach-worn  material,  or  shingle,  and  it  rises 
but  few  feet  above  the  level  of  the  water.  These  pieces  have  an  ob- 
long, generally  flattened  form,  and  consist  for  the  most  part,  of  mel- 
aphyr,  porphyry-,  and  amygdaloid  with  calc-spar  geodes,  both  large  and 
small. 

Connor's  Point  in  Wisconsin  aild  Rice's  Point  in  Minnesota  separ- 
ate the  Bay  of  St.  Louis  from  Superior  Bay.    Between  them  is  a  chan- 
nel aflFording  fifty  feet  depth  of  water,  through  which  the  waters  of 
the  St   Louis  reach  the  lake.    Superior  Bay  has  its  greatest  depth  near 
Minnesota  Point.     Along  the  opposite  shore  in  Wisconsin  it  was  nec- 
essary to  build  out  more  than  a  hundred  feet  into  the  bay  to  find  nine 
feet  of  water,  while  on  the  Minnesota  side  the  water  had  a  depth  of 
15  to  18  feet.    A  street  from  Duluth  extends  now  along  Minnesota 
Point,  and  the  railroad  company  have  begun  to  cut  through  it  in  the 
neighborhood  of  the  place  where  it  is  joined  to  the  mainland,  for  the 
purpose  of  making  a  fine  harbor,  sheltered  by  this  natural  breakwater. 
The  natural  approach,  six  miles  further  south,  is  exposed  to  much 
drifting  sand,  and  has  also  been  worked  by  the  people  of  Wiscon- 
sin in  order  to  unprove  it  for  an  entrance. 

In  the  vicinity  of  Duluth  I  have  observed  three  different  kinds  of 
rock,  but  nowhere  could  I  make  out  the  connection  which  they  have 
to  each   other.     The  first,  which  rises  from  under  the  red  drift  clay 
and  is  finely  exposed  in  the  vicinity  of  the  railroad  depot,  the  Ameri- 
cans style  ''granite,"  to  which,  however,  it  has  no  resemblance.     It 
consists  principally  of  a  feldspar  of  a  dirty  white  color,  which  is  in 
the  form  of  fine  large  crystalline  grains,  which  show  three  cleavage 
directions.     Two  of  these  stand  almost  at  right  angles  to  one  another, 
of  which  has  a  marked  greasy  luster,  and  the  other  a  strong  glassy 
1   ster  with  fine  twinning-lines.      The  third  cleavage  direction  is  only 
J     apparent  by  fractures  which  cut  both  of  the  others  at  acute 
les  and  seems  to  appear  very  rarely.     I  took  the  feldspar  for  labra- 
13 
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dorite.  The  second  ingredient  is  a  dark  green  to  black  mineral,  of  a 
greasy  appearance,  which  it  is  difficult  to  distinguish,  because  the  color 
is  like  that  of  the  predominant  feldspar.  It  is  indistinctly  fibrous,  and 
I  took  it  for  diallage  or  hypersthene.  A  black,  shining  mineral,  in  ir- 
regularly shaped  grains,  which  have  a  strong  metallic  luster,  \<  sprin- 
kled abundantly  in  this  rock,  and  stands  out  beyond  all  the  otln  rs  on 
the  surface  of  the  weathered  crust.  On  a  fresh  fracture  of  the  rock  it 
is  hard  and  brittle.  Yet  under  the  action  of  the  atmosphere  it  be- 
comes softer,  and  then  if  it  is  scratched  with  a  knife,  small  black  par- 
ticles of  it  remain  attached  to  the  blade.  Before  the  blow  pipe  it  be- 
haves like  pure  magnetic  iron.  It  disintegrates  only  after  a  lung  time, 
and  very  seldom  is  it  seen  to  become  oxidized  on  the  outside  and 
changed  to  a  brown  ochre.     No  trace  of  titanium  was  discovered. 

For  the  most  part  this  rock  has  a  resemblance  to  gabbro,  or  hyi>ers- 
thenyte,  although  it  shows  in  its  whole  extent  a  tolerably  uniform 
structure,  and  generally  a  coarsely  granular  texture.  In  this  rock  a 
quarry  has  been  opened,  and  the  stone  is  being  worked  and  polished 
for  monumental  purposes. 

The  second  rock  is  cryptocrystalline  to  compact.  In  the  black 
groundmass  lie  brightly  glittering  needles  of  feldspar  with  evident 
twinning  striation.  It  is  exactly  like  the  rock  from  small  veins  in  the 
syenite  at  Sauk  Rapids  on  the  Mississippi,  and  is  to  be  considered, 
probably,  with  the  greatest  degree  of  exactness,  untl  a  more  close  ex- 
amination can  be  made,  as  a  black  porphyry  or  melaphyr. 

Next  to  this  a  beautiful  porphyry  forms  the  first  rock  at  the  shore  of 
the  lake.  This  rock  is  different  from  the  porphyry  of  the  St.  Croix 
river,  and  in  the  main  resembles  the  porphyry  from  Ilfeld  in  t-he  Hartz. 
In  fresh  condition  the  groundmass  is  an  exceedingly  fine-grained  mix- 
ture of  a  clear  and  a  dark-brown  mineral.  The  feldspjir  crystals  ap- 
pear only  by  reason  of  their  luster,  upon  the  commencement  of  disin- 
tegration of  the  rock,  because  of  their  presenting  a  somewhat  brighter 
color.  Magnetite  is  si^arsely  disseminated,  and  still  more  sparsely  a 
little  pistazite.  But  the  latter  mineral  is  very  abundant  in  the  seams, 
and  veins  of  calc-spar  with  which  the  rock  is  very  much  intersected. 
In  the  same  manner  also  laumontite  occurs,  and  in  fact  as  a  pseudo- 
morph  after  calc-spar.  In  company  with  this  brown  porphyry  is  found 
an  amygdaloid  with  a  somewhat  decayed  groundmass.  The  cavities, 
which  are  somewhat  elongated,  are  filled  with  quartz,  calc-spar,  chlo- 
rite and  a  decayed  iron-bearing  miroral.  The  crystnls  of  felrl^pnr  in 
the  porphyry  are  also  in  process  of  decay.  A  regular  variation  or  in- 
terchange between  these  two  rocks  is  nowhere  to  be  seen.     On  the 
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other  hand  the  undecayed  massive  porphyry  goes  over  to  the  amygda- 
loid Apparently  the  decaying  of  the  groundmass  and  the  crystals  has 
gone  on  step  by  step  with  the  filling  of  the  amygdaloidal  cavities. 
As  already  remarked,  I  have  observed  the  above  described  rocks  no- 
where in  contact.  The  works  in  the  city  of  Duluth  will,  however, 
soon  furnish  fine  exposures.  The  beds  of  the  Lower  Silurian  which 
appear  further  down  on  the  Lake  Superior  shore,  aud  upon  the  river, 
are  not  found  at  Duluth  nor  in  the  immediate  vicinity.  Similar  red- 
dish-brown porphyries  appear  to  be  very  widely  distributed  on  the 
nofth  shore  of  Lake  Superior.  The  lateness  of  the  season  prevented 
an  excursion  in  a  sail  boat  for  observation  along  the  coast.  The  above 
described  crystalline  rocks  are  grouped  together  by  all  American  geo- 
logists under  the  name  **trap.*'  Whittlesey  mentions  an  augitic, 
quartziferous  and  amygdaloidal  trap.  In  other  places  he  speaks  of  a 
brown,  decayed  trap,  and  of  a  firm  trap,  both  cut  through  by  dykes  of 
basalt,  without  giving  any  further  definition  of  these  different  rocks. 

The  Potsdam  sandstone  forms  the  north  shore  of  Lake  Superior,  as 
well  as  the  south  shore.  The  dip  of  the  beds  forms  an  anticlinal,  and 
the  lake  consists  of  a  basin  of  fresh  water  in  the  layers  of  the  Lower 
Silurian.  The  breaking  out  of  porphyries  and  melaphyrs,  sometimes 
in  the  form  of  dykes  and  at  other  times  alternating  in  layers  with  the 
sandstone,  makes  the  geological  relations  very  complicated.  Along 
the  north  shore  runs  a  range  of  hills  which  consist  of  metamorphic 
and  plutonic  rocks  belonging  to  the  Huronian  formation.  Five  or  six 
miles  inland  it  attains  its  greatest  hight  of  600  to  1,000  feet  above  the 
level  of  the  lake.  Then  this  terrane  is  wanting,  for  the  most  part, 
along  the  coast,  and  the  Silurian  beds  overlie  the  Huronian. 

A  number  of  streams  have  their  sources  in  this  hill-range,  and  often 
winding  through  the  bedded  and  massive  rocks,  with  rapid  descent 
bear  their  waters  to  the  lake.  They  give  rise  to  many  outcrops  and 
lay  bare  the  bedding  and  such  like  conditions  of  the  melaphyr-m asses. 
Several  have  attained  a  positive  reputation  for  their  promise  of  profit- 
able mining  of  copper,  and  are  valued  highly  for  the  future  mining  of 
this  metal.  This  is  especially  the  case  at  the  French  and  Knife  river 
districts. 

Whittlesey  says  that  the  trappean  rocks  which  bear  metallic  copi>er> 
are  of  the  age  of  the  Potsdam  sandstone,  and  that  those  th.it  contain 
the  sulphuret  ores  belong  to  the  Huronian  formation.*  Also  that  the 
cupriferous  beds  become  barren  when  they  change  from  trap  to  sand- 
stone.     I  am  still  too  little  acquainted  with  the  appearance  of  copper 

» Whittlesey's  report  of  1866,  p.  5. 
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on  the  north  shore  of  Lake  Superior,  to  presume  to  have  an  opinion 
respecting  those  beds  that  may  be  valuable  for  mining,  but  I  do  not 
believe  that  the  first  of  these  statements  has  any  general  validity.  I 
had  opportunity  to  examine  somewhat  closely  some  fragments  from  a 
vein  in  a  rock  designated  **  trap,'*  from  the  north  shore.  It  was  ob- 
tained from  a  bay  betwec?n  Encampment  Island  and  Kinewabic  river, 
and  hence  from  the  area  occupied  by  the  rocks  of  the  Potsdam.  This 
place  is  30  miles  from  Duluth,  and  in  the  vicinity  of  Knife  river.  The 
rock  has  a  resemblance  to  a  bright,  clay-slate,  with  many  strings  of 
calc-spar  cutting  it  in  all  directions.  The  calc-spar  is  crystallized  in 
veins.  Its  weight  certainly  indicated  that  it  contained  copper  or  iron. 
Upon  a  careful  examination  can  be  seen  also  a  sulphide,  and  black 
specks  of  a  substance  having  a  metallic  luster  on  the  outside,  finely 
scattered  through  the  mass.  The  latter  shows  before  the  blowpipe, 
the  reactions  of  a  mixture  of  chalcopyrite  and  pyrite.  It  contained  no 
native  copper,  and  I  could  not  discover  in  the  wet  way  any  trace  of 
silver. 

The  above  mentioned  rock  is  said  to  have  a  thickness  of  forty  feet, 
and  rises  perpendicular  from  the  shore,  and  can  be  followed  inland  a 
short  distance.  Only  the  smallest  portion  of  this  mass  embraces  those 
sulphides  and  metallic  compounds.  Similar  exposures,  showing  a  little 
metallic  content,  a  layering  and  a  network  of  a  small  mineral  vein^ 
are  a  frequent  occurrence  in  these  massive  rocks,  and  point  with 
certainty  to  a  very  general  diflFusion  of  copper.  Yet  it  has  not  been 
found  in  sufiBcient  quantity  to  support  mining  with  profit.  The  best 
prospects  are  located  at  French  river,  in  melaphyrs  interbedded  with 
sandstone. 

Immediately  after  the  conclusion  of  a  treaty  with  the  Indians  in  the 
year  1854,  by  the  terms  of  which  the  north  shore  of  Lake  Superior  was 
opened  to  the  whites,  agents*of  eastern  capitalists  explored  the  region 
for  mineral  deposits.  Upon  superficial  oj^servations  of  men  who  had 
but  slight  acquaintance  either  with  geology  or  mining,  large  tracts 
here  were  set  forth  as  mineral  lands,  and  as  such  were  disposed  of  by 
the  government  to  companies  and  private  individuals.  In  1858  the 
land  was  surveyed,  and  many  **  claims,**  which  had  been  made  before 
were  relinquished.  A  few  years  ago  a  company  was  formed  in  Buffalo 
which  began  to  explore  the  regions  of  French  and  Knife  rivers  more 
carefully.  A  shaft  was  sunk  to  the  depth  of  48  feet,  and  a  quantity  of 
copper  ore  was  found  in  the  deeper  lying  beds.  Nevertheless,  these 
works  are  now  suspended. 

At  different  places  on  the  St.  Croix  river  and  its  tributaries,  copper 
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has  been  found.  Especially  is  Taylor's  Falls  and  that  vicinity,  as  well 
as  Kettle  river,  forty  miles  further  north  in  Minnesota,  regarded  as  a 
region  which  some  time  will  be  celebrated  as  a  copper. producing  dis 
trict.  What  has  been  found  thus  far  consists,  in  the  first  place,  of 
large  massive  pieces  in  the  river-bed,  and  in  the  water- worn  material 
of  the  drift  which  covers  the  river  banks,  and  secondly  of  veins  and 
layers  in  the  porphyry,  which  produce  both  metallic  copper  and  copper- 
glance  and  copper-oxide,  from  a  heavy  but  decayed  gangue. 

Massive,  irregularly-shaped,  but  rounded  pieces  of  native  copper 
have  been  found  in  several  places  in  the  valleys  of  streams  coming 
from  the  north.  I  saw  at  Taylor's  Falls  a  heavy  specimen  weighing 
fifteen  pounds,  which  was  found  in  the  digging  of  a  well  several  feet 
below  the  surface,  in  the  drift.  These  copper  masses  in  every  instance 
have  been  exposed  for  a  considerable  time  to  the  action  of  water,  and 
I  do  not  believe  that  their  place  of  origin  should  be  considered  as  be- 
ing in  that  vicinity.  In  this  opinion  I  was  afterward  strengthened, 
since  I  found  in  the  drift  and  gravel  which  lie  on  the  St.  Peter  sand- 
stone, as  large  and  equally  rounded  a  piece  of  metallic  copper  in  the 
eastern  part  of  the  city  of  St.  Paul.  It  is  most  probable  that  along 
with  the  drift,  metallic  copper  is  brought  hither  from  the  southern 
shores  of  Lake  Superior.  * 

What  I  have  seen  of  the  copper-bearing  rocks  of  Taylor's  Falls, 
shows  the  presence  of  this  metal  in  small  quantities  near  the  surface, 
affording,  therefore,  some  expectation  of  profit  on  deep  mining.  I  was 
conducted  to  two  old  shafts  and  several  pits  which  some  time  before 
had  been  sunk  on  the  summit  of  a  range  of  porphyry.  The  shafts 
were  filled  with  water  to  the  top.  The  material  lying  about  contained 
no  native  copper.  It  was  a  porphyry  in  process  of  decay,  with  veins 
of  quartz  and  feldspar.  A  six-inch  vein  of  feldspathic,  decayed  rock 
had  given  rise  to  the  exploration  The  feldspar  vein  can  be  followed 
for  a  distance  of  several  hundred  feet,  and,  according  to  the  statement 
of  my  companion,  under  whose  instigation  the  work  had  been  under- 
taken, had  a  thickness  of  two  and  one-half  feet  at  the  depth  of  twenty. 
The  samples  brought  from  this  depth  consist  of  a  much  changed  fel- 
despathic  snd  calcareous  rock.  Copper  strikes  through  the  mass  in 
slender  leaves  and  threads.  Fine  black  threads,  of  a  black  met  llic 
luster,  were  found  to  be  copper-sulphide,  before  the  blowpipe,  and  did 
not  exhibit,  in  the  wet  way,  any  content  of  silver,  so  far  as  I  could 
judge.      A  second  place,  which  had  been  pointed  out  by  the  residents 

*Mii8««e8  of  metallic  copper  are  found  occasionally  in  tlie  northern  drift  In  Michigan,  Wisconpin  and 
Ohio. 
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as  an  outcrop  of  a  copper  vein,  is  at  the  mouth  of  a  creek  which  passes 
down  the  steep  bluffs  through  the  midst  of  the  town.  It  was  a  sort  of 
contact-vein  between  the  porphyry  and  the  sandstone.  What  I  could 
see  of  the  gang-mass  in  the  neighborhood  of  the  very  imperfect  ex- 
posure, consisted  of  an  earthy,  much  changed  amygdaloid.  It  was  as- 
serted to  me  that  copper  is  to  be  found,  although  I  saw  in  the  amygda- 
loid itself  not  a  trace;  and  I  expect  that  it  is  one  of  the  erratic  pieces 
from  the  drift,  which  is  disseminated  in  the  bed  of  the  creek  between 
the  larger  blocks  of  porphyry. 

Similar  feldspar  veins  as  those  above  mentioned  are  a  very  frequent 
appearance  in  the  porphyry.  They  always  have  at  the  surface  only  a 
few  inches  thickness. 

More  promising  appears  the  copper  outcrop  on  Kettle  river.  In  1865 
it  was  pronounced  a  true  vein  with  a  width  of  22  feet  by  Prof.  James 
Hall.  I  obtained  several  pieces  of  the  gang.  They  consist,  first,  of  a 
brownish  dense  melaphyr-amygdaloid  without  apparent  crystals.  The 
cavities  are  filled  with  quartz,  calcite,  epidote  and  copper.  It  is  cut 
through  by  numberless  fine  slits  which  are  filled  with  the  same  miner- 
als. The  copper  is  in  threads,  thin  sheets,  and  also  in  net-work  and 
knot-like  forms,  and  is  always  accompanied  by  quartz,  calcite  and  epi- 
dote. The  color  of  the  groundmass  changes  from  brown  to  green,  and 
several  specimens  approach  the  color  of  green,  although  more  dis- 
tinctly colored  through.  This  is  a  bluish-green  rock,  with  heavy 
groundmass,  though  without  evident  crystals  still  carrying  the  same 
cavities  and  amygdaloidal  minerals. 

A  third  rock  is  much  changed,  mainly  feldspathic,  but  interspersed 
with  a  dark  mineral.  Its  prevailing  color  is  derived  from  copper-salts. 
The  copper  is  metallic,  and  is  desseminated  in  extremely  fine  threads 
through  the  whole  mass.  In  this  rock  appear  outcropping  veins  of 
copper-glance  and  earthy  malachite.  At  Pleast  there  are,  among  the 
material  derived  from  this  locality,  two  handsamples  which  show  both 
these  ores  in  the  same  groundmass. 

The  copper-bearing  samples  of  rock  from  Kettle  river,  collectively, 
have  the  aspect  and  the  characters  of  vein  rocks. 

How  far  the  above  described  appearances  may  warrant  the  hope  of 
profitable  mining  of  copper,  must  be  left  undetermined  till  more  exact 
investigations  shall  have  established  the  extent,  the  range  and  the 
contcEt  of  copper.  The  lands  of  Kettle  river  have  been  taken  posses- 
sion of  by  speculators,  in  the  sancie  manner  as  those  of  the  north  shore 
of  Lake  Superior  some  time  before.  Here  and  there  examinations 
have  been  made  in  order  to  learn  something  of  the  particulars  of  the 
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region,  ^ei  always  in  a  hasty  way  and  generally  by  people  without 
«uflBcient  geological  knowledge. 

From  Vermilion  lake  I  have  become  acquainted  with  gneisses  and 
firmly  crystalline  clay  slates  with  much  interspersed  pyrites,  which  ap- 
parently belong  to  the  Laurentian  system.  A  number  of  quartz  veins 
cut  through  these  metamorphic  schists,  which  contain  a  little  portion 
of  copper  pyrite.  The  pyrite  has  been  shown  to  be  gold-bearing.  A 
«hort  time  ago  arose  a  real  excitement,  of  the  American  type,  over  Ver- 
milion lake,  because  it  was  believed  that  here  had  been  found  a  new 
gold  field.  There  were  formed  in  Chicago,  New  York,  and  other 
cities,  several  companies;  and  caravans  with  furnaces,  stamp-works, 
and  amalgamating  mills,  pressed  forward  into  the  wilderness.  Large 
^ums  of  money  were  soon  sunk  in  Vermilion  lake.  The  government 
itself  laid  out  a  road  from  Duluth,  and  the  works  were  in  progress  till 
a  short  time  since.  Several  shafts  were  dug,  among  others  one  70  feet 
deep  by  a  New  York  company.  As  yet  the  costs  have  far  exceeded  in 
amount  the  value  of  the  small  quantity  of  gold  which  has  actually 
been  taken  out.  I  have  seen  a  number  of  samples  of  the  gold-bearing 
•quartz  of  Vermilion  lake,  but  have  not  yet  found  even  a  speck  of  na- 
•"tive  gold.  Likewise  I  have  not  been  able,  in  spite  of  the  most  diligent 
■enquiry,  to  find  any  one  who  has  seen  it.  There  is  now  no  doubt  at 
all  that  so  long  as  the  region  remains  inhabited  by  Indians  and  fur- 
animals,  separated  seventy  miles  from  any  railroad,  the  amount  of  gold 
taken  out  cannot  pay  any  one. 

The  same  must  be  said  of  the  iron  ores  outcropping  in  the  neighbor- 
hood of  Vermilion  lake,  concerning  which  the  reports  brought  by 
travelers  are  very  favorable;  the  profitable  mining  of  which,  neverthe- 
less will  not  be  entirely  feasible  without  a  railroad  connection  with 
Lake  Superior.  The  description  which  Eames  gives  of  these*  agrees 
with  the  red  iron-rocks  of  the  Huronian  on  the  south  shore  of  Lake 
Superior  in  the  State  of  Michigan"**  The  iron  ores  from  Vermilion 
lake  that  have  been  brought  to  St  Paul  consist  of  a  very  pure,  glitter- 
ing haematite,  of  a  steel-gray  color. 

It  is  probable  that  further  search  in  Minnesota,  on  both  sides  of  the 
zone  of  Laurentian  rocks,  will  show  the  presence  of  Huronian  iron 
ores.  There  have  this  year  new  surveys  been  made  along  the  branch 
line  of  the  Pacific  railroad  which  runs  along  the  Mississippi,  extending 
further  toward  the  north.     I  hope  by  this  means  to  learn  of  interest- 

•Report  of  Henry  Eames  1866,  p.  11. 

«»CredQer:  Zeittchr,  d.  DeuUeh,  geol.  Gw.  1809  «.  687. 
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ing  facts  concerning  the  relationships  of  the  Laurentian,  Huronian 
and  Silurian  rocks  in  the  upper  portion  of  the  Mississippi  valley. 

Besides  the  rocks  and  formations  described  above,  I  have  marked 
upon  the  plate  (Taf.  VIIT.)  a  small  area  south  from  the  St.  Peter  river 
lying  between  Laurentian  and  Huronian  rocks.  This  small  area  be- 
longs, according  to  the  investigations  of  Prof.  Hall,  to  the  Cretaceous 
formation.  It  is  an  old  fresh-water  basin  in  which  has  been  found  a 
considerable  quantity  of  brown  coal.  As  I  have  not  examined  the 
region  myself,  and  I  know  nothing  further  about  it,  I  shall  give  here 
nothing  further  concerning  its  appearance.  Much  effort  has  been 
made  continually  to  find  stone  coal,  or  brown  coal,  in  Minnesota,  be- 
cause in  a  large  part  of  the  State  there  is  a  lack  of  forest,  and  there- 
fore of  fuel.  The  small  Cretaceous  area  on  the  Cottonwood  river  is  as 
yet  the  only  spot  where  real  coal-bearing  beds  have  been  found  in  out- 
crop. All  former  discoveries  have  proved  to  be  **drift  coal,''  or  erratic 
pieces  in  the  diluvium. 
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VII. 

CHEMISTRY. 

ANALYSES  BY  PROF.  JAMBS  A.  DODGE. 

Analyses  have  been  reported  by  Prof.  Dodge  of  substances  for  the 
survey,  from  Nos.  69  to  83,  both  inclusive,  of  the  Chemical  Series. 
This  list  is  from  the  following  localities: 

No.  69.  Efflorescence  on  the  surface  of  the  ground  ("  alkali ''),  Sec. 
14,  lona,  Murray  Co.    Mus.  Reg.  No.  3936. 

No.  70.  Light-colored  pipestone,  or  ** chalk-rock'*  so-called,  Palis- 
ades, Minnehaha  County,  Dakota,  two  rods  east  of  the  dam,  in  the 
plane  of  the  pipestone.    Mus.  Reg.  No.  3896. 

No.  71.  Light  blue  calciferous  sandrock,  from  the  lower  part  of  the 
quarry  of  Maxfield  and  Mather,  Mankato,  showing  non-hydrated  (un- 
ozidized)  natural  condition  of  the  deeper  beds  of  the  Shakopee  for- 
mation. 

No.  72.  Rice  Point  granite,  No.  1  of  the  Survey  Series.  To  deter- 
mine  the  alkalies  and  the  lime  of  the  feldspar. 

No.  73.  Rice  Point  red  granite.  No.  1  B,  of  the  Survey  Series.  To 
determine  the  alkali  of  the  feldspar. 

No.  74.  Limestone,  supposed  to  be  hydraulic  the  equivalent  of  the 
shale  layer  at  Maxfield's  quarry,  at  Mankato.  From  the  quarry  of  J. 
R.  Beatty  &  Co.,  near  Mankato. 

No.  75.  Light-colored,  nearly  white  clay,  supposed  to  be  kaolinic, 
from  the  same  place  as  the  above,  but  probably  Cretaceous. 

No.  76.    Water  from  Mille  Lacs,  needing  filtering. 

No.  77.      Water  of  the  Mississippi  river  from  above  Minneapoli 
about  one  mile,  right  bank. 

No.  78.  Water  of  the  Mississipi  river  from  below  Minneapolis 
about  one  mile,  right  bank. 
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No.  79.  Limestone  of  the  Hudson  river  Group  at  Clinton  Falls, 
near  Owatonna,  quarry  of  Lindersmith  &  Son. 

No.  80.  Limy  sediment  in  a  layer  in  the  till,  on  Nicollet  Island, 
Minneapolis. 

No.  81  Ore  supposed  to  contain  copper,  from  near  Beaver  Bay. 
From  T.  56,  R.  8,  S.  W.  i  Sec.  22,  on  North  river,  Wieland  Brothers. 

No.  82.     Lime  City  limestone,  Filmore  county.  Mus.  Reg.  No.  4099. 

No.  83.  Concretionary  Cretaceous.  Two  Rivers,  Morrison  county. 
Mus.  Reg.  No.  4561. 

ANALYSES. 

Xo.  69,  Chemical  Series.    Museum  Reg.  No,  3936. 

''Alkali*'  Efflorescence,  with  soil  adhering. 

Whole  substance  powdered,  air-dried,  digested  with  water  :^ 

Per  cent. 

Dissolved  by  water 48.6 

The  residue  digested  with  hydrochloric  acid: — 
Dissolved  additional 3.1 

Total  dissolved  matter  of  the  whole  substance 51. 7 

Portion  dissolved  by  water  contained : 

fS^'  SI  P*^*i*"'*  \ 6T.3  per  cent,  sulphate  magnesia 

Water not  determined 

SiOg,  Fe^Os traces 

Organic  matter traces 

The  sulphate  of  magnesia  was  therefore  not  present  in  the  form  of 
Epsomite,  as  MgO,  SO3,  7HgO. 

Would  require  M^O,  16.26  per  cent.  ) ^g  73  ^^  ^^^t. 

**       7H,0... 51.22 

Portion  (additional,)  dissolved  by  hydrochloric  acid  contained: 

SiOj 18.6  percent. 

FcjOs,  AI5O3  and  phosphoric  acid 58.3        *'      (mainly  Fe,0,) 

MgO 20.5 

CaO traces 

Organic  matter ** 

Alkalies '* 

The  residue,  insoluble  in  H  CI,  fused  with  carbonate  of  soda,  gave  : 

SiO, 75.8 

Al,03 11.1 

Fe.Oj 2.1 


Digitized  by  VjOOQIC 


8TATB    GBOLOGIST.        ,  '  203 

CaO 86 

MgO 66 

Organic  matter considerable 

Alkalies trace 

This  residue  was  in  fact  simply  a  dark  soil,  with   fragments   of 

roots  &c. 

Carbonic  acid,  and  chlorides  were  almost  wholly  absent  from  the 

substance.     Potash  and  soda  were  present  in  slight  traces.     Lime  also 

was  present  in  slight  traces. 

Xo.  70,  Chemical  Series,  Museum  Reg.  No.  3896. 

SiOj 50.4    per  cent. 

AlA 33.3 

Fe,0, 2.8 

CaO 0.6 

MgO (MT 

Na,0 3.5 

.     K,0 0.6 

H,0 9.6 

100.97 

The  composition  agrees  fairly  with  that  of  Catlinite,  which  the  rock 
resembles  in  physical  properties  except  color,  being  white  with  tinge 
of  yellow. 

No.  71.     Rock,  a  limestone  of  light-gray  color,  containing  silica. 

Ten  grammes  of  the  powered  and  dried  mineral  were  digested  with 
hydrochloric  acid;  a  residue  was  left  which  weigh<^d  1.552  gms.,  mak- 
ing 15.52  per  cent,  of  the  rock;  the  portion  dissolved  was  therefore 
84,48  per  cent. 

Analysis  of  portion  dissolved  by  hydrochloric  acid : — 
Fe^  O,  with  small  amount 

of  Al,  0,  and  SiO,  3.14  per  cent.,  being  2.65  per  cent,  of  whole  rock. 

CaO  CO,  55.47        **        *    "    46.86 

MgO  CO,  39.73        **  ''    33.56 


(( 


98.34  83.07 

Analysis  of  portion  left  undissolved  by  hydrochloric  acid: — 
SiO,  -  77.9  per  cent.,  being  12.1  per  cent.  of.  whole  rock. 

Al,  0,       -  19  24        "  "      2.99 

CaO  .  .34        "  "        .05 

MgO  .  .12        "  **        .02 

Alkalies,     '       traces. 
Organic  matter,  traces. 


97.60  15.16 
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It  appears,  therefore,  that  the  rock  is  a  magnesian  limestone,  with 
about  12  per  cent,  of  silica  and  somewhat  over  2i  per  cent,  of  oxide 
of  iron. 

No.  72.     A  granitic  rock  of  bluish-gray  color,  from  which  the  felds- 

pathic  portion  was  selected  (by  mechanical  means)  as  clean  as  possible. 

This  portion,  which   was  still,  however,  not  wholly  unmixed   with 

other  constituents  of  the  rock,  was  analyzed  with  the  following  result : 

SiOg 49.78  per  cent. 

""ak/k.  0,*  S 32.36 

CaO 1155 

MgO 1.43 

K,0 41 

Na,  0 3.39 

Hj  0 1.83 

100.76 
No.  73.     A  granitic  rock  of  reddish  color;  this  was  analyzed  as  a 
whole,  the  grain  being  too  fine  to  permit  mechanical  separation  of  its 
constituents. 

Si  0, 75.78  per  cent. 

Al,  0, 11.09 

Fe,  0, 2.09 

CaO 86 

MgO 65 

K,0 1.06 

Na,  0 6.43 

H,0 : 1.82 


99.78 
Xo.  74.     Rock  a  siliceous  limestone.    Digested  with  hydrochloric 

acid,  a  residue  was  left  amounting  to  19.67  per  cent.,  the  dissolved 

portion  was  therefore  80.33  per  cent. 
Analysis  of  portion  dissolved  by  hydrochloric  acid : — 
SiOj  ,27  per  cent.,  being      .21  per  cent,  of  whole  rock. 


Al,  0,  ■     .15 

tt 

(( 

.11 

Fe,  0,      3.03 

t( 

if 

2.43 

CaO  CO,  55.62 

1 1 

%t 

44.6S 

MgO  CO,  39.13 

ii 

(i 

31.59 

98.21 


79.02 


*NoTB.— The  .0101101  of  oud.  of  Iron  I*  quite  siii.ll. 
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Analysis 

of  portion  not  dissolved  by  hydrochloric  acid: — 

Si  0, 

- 

78.27  per  cent. , 

being  15.29  per  cent,  of  whole  rock. 

A1,0,    . 

18.33 

a             3^2            **                  **                     " 

CaO 

- 

.48 

.09        **            **              " 

MgO      - 

.23 

a                  Q^            <»                  ((                     (( 

Alkalies 

- 

traces. 

Organic  matter 

traces. 

97.31  19.03 

A  determination  of  water  in  the  dried  powder  gave  4  per  cent,  (of 
whole  rock.) 

This  is  therefore  a  magnesian  limestone,  containing  about  15  per 
cent,  of  silica,  and  but  a  moderate  quantity  of  oxide  of  iron.  It 
would  appear  likely  to  make  a  good  hydraulic  lime. .  No.  71  might  also 
-serve  that  use. 

No.  75.  A  very  light-colored  clay,  from  Mankato.  This  was  pul- 
verized, without  grinding  up  the  particles  of  gritty  matter  that  were 
to  some  extent  intermixed  with  it;  the  powder  was  then  mixed  with 
distilled  water,  the  suspended  portion  poured  off  and  allowed  to  settle 
for  a  day  or  two;  the  settled  portion  was  then  collected,  dried  at  212**, 
and  submitted  to  analysis  by  the  common  methods  for  silicates. 

SiO, 87.7  percent. 

AUO, 7.24        " 

FctOs.- traces        " 

CaO.... 67 

MgO 07 

K2O 49 

Na^O 3.17 

Organic  matter traces 

Water traces 


99.34 

No.  76,  of  the  Chemical  Series.  As  received  this  water  showed  some 
turbidity,  and  had  deposited  a  brownish  sediment  in  the  can.  It  was 
filtered,  and  a  large  quantity  evaporated.  In  the  course  of  this  evap- 
oration a  similar  brown  flocculent  matter  separated  out.  It  consisted 
of  organic  matter  mixed  with  oxide  of  iron. 

The  residue  from  evaporation  was  submitted  to  analysis,  and  found 
to  consist  of  the  following  substances.  In  the  amounts  stated : 
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Silica 3  85    per  cent,  of  total  residue  from  evaporation. 

Carb.  lime 28.07 

Sulph.   lime 95 

Carb.   Mag 28.62 

Oxide  of  iron....       1.26 
Carb.    potassa...       3.03 

Carb    soda 11.09 

Chi.  sodium 74 

Organic  matter..     22.40 

The  weight  of  the  residue  from  a  given  quaiitity  of  water  was  found 
to  be  in  the  proportion  of  about  10  grains  to  the  gallon.  Reckoning 
the  above  specified  constituents  in  grains  per  gallon,  I  found: — 

Silica 2499  grains  per  gall  on 

Carbonate  of  Lime 3.1355 

Sulphate  of  Lime 1051 

Carbonate  of  Magnesia.... 3.1589        "  " 

Oxide  of  Iron 1389 

Carbonate  of  Potash 3346 

Carbonate  of  Soda 1.2241 

Chloride  of  Sodium 0817 


Total  Mineral  matter 8.4287 

Organic  matter 2  4458 


Total  residue 10.8745 

In  regard  to  the  above  figures,  it  is  to  be  noted,  that  the  amount  of 
solid  residue  taken  as  a  whole  is  not  great,  compared  with  that  from 
many  waters  in  this  State;  that  the  amounts  of  lime  and  magnesia 
(existing  in  the  water  as  bicarbonates,)  are  but  moderate;  that  sulph- 
ates and  chlorides  are  almost  wanting,  and  that  the  water  is  alkaline, 
by  virtue  of  the  presence  of  the  carbonate  of  potash  and  soda.  Upon 
concentration  of  this  water,  in  a  platinum  dish,  a  ready  and  decided 
test  is  obtained  by  litmus  and  turmeric  papers. 

Further,  it  was  found  that  nitrates  and  phosphates  are  absent. 

No  special  examination  of  the  organic  matter  was  made. 

Xos.  77  and  78  of  the  Chemical  Series. 

Minneapolis,  Minn.,  March  13,  1882. 
Prof.  y.  H.  WincheU: 

Dear  Sir: — I  hereby  report  the  results  of  my  analysis  of  the  water 
of  the  river  made  at  your  request  with  a  view  to  determine  what  dif- 
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ference  might  show  itself  in  the  water  above  and  beloAV  the  city.  Two 
samples  were  procured,  at  the  same  time  and  in  the  same  manner,  the 
one  (No.  77,)  at  a  point  on  the  west  bank  about  half  a  mile  above  the 
upper  bridge,  (Plymouth  Ave.,)  and  above  all  apparent  considerable 
sources  of  contamination,  the  other  (No.  78)  at  a  point,  also  on  the 
west  bank,  below  the  brewery,  at  the  small  grove  near  the  Fair 
Grounds. 

These  two  samples  of  the  river  water  have  been  submitted  to  pre- 
cisel}'  the  same  course  of  analysis.  A  quantity  of  each  sample, 
amounting  to  eight  litres — somewhat  over  two  gallons — was  evapo- 
rated to  dryness,  and  the  composition  of  the  residue  ascertained.  In 
addition,  the  method  of  determining  organic  matter  in  water  by  the 
distillation  process  of^Wanklyn,  was  applied  to  each  sample  of  water. 

The  samples  of  water  were  procured  by  me  a^put  the  20th  of  De- 
cember. They  were  immediately  filtered,  and  kept  in  suitable  glass 
vessels;  that  part  of  the  work  of  analysis  which  needed  to  be  done 
without  delay,  in  order  to  avoid  the  effects  of  change  in  the  water  by 
keeping,  was  done.  The  remainder  has  been  carried  on  with  other 
work  during  great  part  of  the  winter. 

1.  Composition  of  the  residue  from  evaporation  of  the  water  of 
the  river  above  Minneapolis : — 

Silica.  Si02 78256  grains  per  gallon 

Carbonate  of  Lime,  CaO  CO2 6.39532       '' 

Carbonate  of  Magnesia  MgO,  CO2 3.15307       '' 

Carbonate  of  Iron,  FeO  COj 05504       *' 

Chloride  of  Sodium,  NaCl 16352       '' 

Potash,  JiJjL 10162       '' 

Soda,  JjCS^* r..         .17462       " 

Sulphuric  A^id,  SO3 16445       ** 

Nitric  Acid,  N2O5 traces 


Total  M  ineral  matter  in  the  residue . .     10.99020       " 
Organic  matter 1.40228 

Total  Min'l  &  Organic  m't'r  in  residue    12.39248 

2.     Composition  of  the  residue  from  evaporation  of  the  water  of  the 
river  below  Minneapolis : — 

Silica,  Si02 97090  grains  per  gallon 

CJarbonate  of  Lime,  CaO  CO2 6.13722^      '' 

Carbonate  of  Magnesia,  MgO  CO2 2.42827       *' 

Carbonate  of  Iron,  FeO  CO2 15560       " 
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Chloride  of  Sodium,  NaCl 18408       *' 

Potash,  KjO 16826       " 

Soda,  NajO 15126       '* 

Sulphuric  Acid,  SO3 17462       ** 

Nitric  Acid,  N^Os traces,more  than  in  No;l 

Total  Mineral  matter  in  residue 10. 36021  grains  per  gallon 

Organic  matter 1.96219       " 

Total  Min'l  &  Organic  m't'r  in  residue     12.32240       " 

3.  Results  of  Wanklyn's  method  for  determining  the  organic  mat- 
ter, in  water  from  above  city: — 

Free  Ammonia,  .0175  milligrammes  per  litre, 

or  .0175  parts  per  million*. 
Albuminoid  Amonia,        .0625  mgm.  per  litre, 

or  .0625  parts  per  million. 

4.  Results  of  Wanklyn's  method  for  determining  the  organic  mat- 
ter, in  water  from  below  city: — 

Free  Ammonia,  .0266  parts  per  million. 

Albuminoid  Ammonia,     .1550  parts  per  million. 

I  would  like  to  call  attention  to  the  following  points :  First,  the 
amount  of  matter,  mineral  and  organic  together,  differs  but  little,  in 
the  residues  from  the  evaporation  of  the  two  waters;  but  the  amount 
of  organic  matter  in  the  water  from  below  the  city  is  appreciably 
larger  than  in  the  water  from  above;  on  the  other  hand  the  amount 
of  mineral  matter  is  larger  in  the  water  from  above.  This  latter  re- 
sult was  to  me  wholly  unexpected,  but  I  am  certain  of  its  correctness. 
The  water  of  the  river  below  contains  a  little  less  carbyMi^  of  lime 
and  magnesia  than  the  water  above.  The  difference,  ^lifever,  is 
wholly  immaterial  in  a  practical  point  of  view,  and  may  bfe  accounted 
for  by  the  influx  of  several  creeks  which  bring  in  softer  water  than 
the  river;  also  by  the  consideration  that  what  lime  finds  its  way  into 
the  river  from  factories  and  from  masons'  use,  may  serve  to  precipitate 
a  small  part  of  the  carbonate  of  lime  and  magnesia  that  are  in  the 
river.  Second,  the  difference  in  the  amount  of  organic  matter  in  the 
two  samples,  is  quite  material,  in  sanitary  respects.  The  results  of 
the  determination  of  free  ammonia  and  albuminoid  ammonia  are  such 
as  to  place  the  water  from  above  the  city  under  the  head  of  good 
drinking  water,  while  that  from  below  would  be  excluded  from  that 
class.  It  is  to  be  observed  that  the  water  below  shows  somewhat  more 
of  all  ingredients  except  lime  and  magnesia.    In  the  case  of  nitrates, 
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a  quantitatire  determination  could  not  be  m^      .    Qualitative  tests 
showed  somewhat  more  in  the  water  below. 

Very  respectfully, 

James  A.  Dodge. 

Chemical  Series,  No.  79,  a  SiUceoua  Limestone, 
Soluble  in  hydrochloric  acid: —       Insoluble  in  hydrochloric  acid: — 

-  per  cent  of  per  cent,  of 

whole  rock .  whole  rock . 

Silica ; 2.88  Silica 10.74 

i)iide  of  iron 2.56  Oxide  of  iron  and  alumina.        .80 

Calcium  carbonate 68.09  Lime traces 

Magnesium  carbonate 19.90  Magnesia 63 

Alkalies traces  Alkalies traces 

Salphric  acid traces  Organic  matter not  determined 


83.43  15.17 

Chemical  Series  No.  80. 

Calcareous  rock,  with  iron  pyrites  distributed  through  it,  and  hav- 
ing a  vein  mainly  of  pyrites. 
Main  rock :  —  Vein : — 

Chemical  Series  No.  81,  Calcareous  Ixiyers  in  Drift,  Nicollet  Island. 
Soluble  in  hydrochloric  acid : —       Insoluble  in  hydrochloric  acid : — 

per  cent,  of  per  cent,  of 

whole  rock.  whole  rock. 

Oxideofiron 2.69  Silica  and  silicates 35.53 

Calcium  carbonate 55.55 

Magnesium  carbonate 4.95 


63.19 
Chemical  Series  No.  82,  Limestone. 
Soluble  in  hydrochloric  acid : —       Insoluble  in  hydrochloric  acid : — 

per  cent,  of  per  cent,  of 

whole  rock.  whole  rock. 

Oxideofiron..- 73  Silica,  etc 4.57 

Calcium  carbonate 70.53 

Magnesium  carbonate 23.49 


94.75 
Chemical  Series,  No.  83.     A  siliceous  rock,  to  a  great  extent  soluble 
in  hydrochloric  acid. 
14 
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The  rock  was  analyzed  as  a  silicate,  and  its  composition  found  to  be 
as  follows:  — 

Silica , 19.81  per  cent. 

Alumina 52.43 

Oxide  of  Iron 1.32 

Calcium   Carbonate 1.64 

Soda 0.44 

Water 23.23 


98.87 
In  appearance  this  rock  bears  a  considerable  resemblance  to  com* 
pact  gray  limestone.     Its  hardness  is  a  little  less  than  that  of  lime* 
3tone. 
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VII. 

THE  GEOLOGY  OF  THE.  DEEP  WELL  DRILLED  BY  C.  C. 
WHELPLEY  AT  MINNEAPOLIS,  AT  THE  . 
**C**  WASHBURN  MILL. 

BY  K.  H.  WINCHELL. 
(KBAD  before  THE  MINNESOTA  ACADEMY  OF  SCIENCES,  JANUARY,  1882.) 


I  have  just  seen  for  the  first  time  the  record  and  drillings  of  this 
well  (Dec.  1881),  though  the  well  was  drilled  some  years  ago,  and  the 
record  and  drillings  were  preserved  at  my  request.  The  set  sent  me  by 
Mr.  Whelpley  was  lost  in  some  way  by  being  miscarried.  The  set  on 
which  these  notes  are  based  was  encountered  in  the  late  moving  of  the 
effects  of  the  Academy  to  new  rooms,  and  I  take  the  first  opportunity 
to  bring  before  the  Academy  what  I  deem  important  information  con- 
cerning the  strata  that  underlie  the  city,  derived  from  an  examination 
of  this  tube.* 

In  order  to  appreciate  the  bearing  of  the  new  facts  on  the  geology 
of  the  region,  it  will  be  necessary  to  review  briefly  the  former  knowl- 
edge we  had  of  the  strata  underlying  the  city.  In  the  report  of  the 
geological  survey  for  1876,  will  be  found  a  description  of  the  geology 
of  Hennepin  county,  by  which  it  will  be  seen  that  the  strata  of  the 
Lower  Magnesian  formatiou,  represented  by  the  Shakopee  limestone 
extends  under  the  St.  Peter  sandstone,  occupying,  conjecturally  the  sur- 
face of  the  western  and  central  parts  of  the  county.  In  the  same  report 
is  a  section  of  the  deep  well  drilled  in  East  Minneapolis,  as  furnished  by 
the  city  engineer,  Col.  J.  B.  Clough,  the  designations  of  the  strata  be- 
ing his,  or  of  the  party  who  drilled  the  well.  The  drillings  of  that 
well  were  not  preserved,  and  it  was  found  impossible  to  verify  the  des 
ignations  by  a  comparison  with  them.     It  will  be  seen  by  that  sec  tion 

*The  drillings  from  the  well  were  exhibited  in  a  glass  tube  aboat  three  feet  long,  in  the  order  of  their 
places  in  the  strata. 
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that  a  *'  red  limestone ''  was  reported  as  penetrated,  beginning  at  234 
feet  and  extending  a  depth  of  102  feet  farther.  Under  this  is  reported 
a  "  gray  limestone/'  Below  these,  followed  alternating,  gray  and  whit« 
sandstones  and  shales  with  some  sandy  limestones,  to  the  depth  of  1074 
feet.  At  that  point  the  drill  entered  a  red  shale  and  sandstone  which 
seems  to  have  varied  very  little,  if  any,  up  to  the  time  the  work  ceased 
at  a  depth  of  1421  feet.  This  red  shale  and  sandstone  is  the  same  for- 
mation in  which  the  deep  well  stopped  at  Belle  Plaine,  and  at  other 
places  in  the  State,  the  equivalent  of  the  red  sjiales  of  the  Lake  Su- 
perior region,  the  probable  true  Potsdam  of  the  northwest.  The  well 
reported  by  Mr.  Whelpley  only  goes  to  the  depth  of  205  feet,  but  as  the 
drillings  are  presented  with  the  recorded  designations,  it  throws  light 
on  the  geology  of  this  part  of  the  State  which  has  a  bearing  on  the 
proper  interpretation  of  the  deeper  well  of  1874.  It  is  as  follows,  as 
given  correctly  by  Mr.  Whelpley  : 

1.  Peaty  black  soil 2  feet 

2.  Drift  sand  and  stones 8     " 

3.  Lime  rock,  (gray  and  blue) 24     ** 

'    4.  Blue  clay,  (shale) 2     '' 

5.  White  sandrock 44     ** 

6.  Yellow  sandrock 7     ** 

7.  'White  sandrock 41     ** 

8.  Yellow  sandrock 3     " 

9.  Fine,  white  sandrock 22     " 

10.  Yellow  sandrock 5  *• 

11.  White  sandrock 2  ** 

12.  Pipestone  clay,  reddish  brown 2  ** 

13.  Coarse,  white  sandrock,  (water  to  top  of  ground) ..  21  " 

14.  Coarse,  gray  sandrock 17  " 

15.  Hard,  gray  sandrock 4  '* 

10.  Red  rock,  (grit)  penetrated  only 1  ** 

Totaldepth ' 205     " 

On  comparing  these  records  it  will  be  seen  that  the  former  well  pen- 
etrated the  two  feet  of  pipestone  clay  at  about  the  depth  of  197  feet 
(of  its  own  record,)  without  any  notice  being  taken  of  it.  This-sup- 
position  is  more  probably  correct  than  that  this  clay  was  not  encoun- 
tered, judging  from  a  general  looseness  of  designation  that  seems  to 
pervade  the  earlier  part  of  that  record,  and  from  the  nature  of  the 
stratum  and  the  proximity  of  the  wells  to  each  other,  (about  one- 
tliird  mile  ai)art).     Furthermore,  the  record  of  white  sandrock  contin- 
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ues  alike  in  each  well  down  to  the  depth  of  204  feet  in  one,  and  234  in 
the  other,  which,  calculating  from  the  top  of  the  Trenton  limerock, 
makes  the  *'  red  rock  "  in  one  well  (Whelpley's)  appear  at  195  feet,  and 
in  the  other  at  191  feet.  This  shows  that  there  could  have  been  no 
such  disturbance  in  the  bottom  of  the  ocean  as  to  have  changed  the 
detritus  and  caused  the  omission  of  the  pipestone  clay  in  the  East  Min- 
neapolis well ;  which  is  also  indicated  by  the  fact,  that  the  pipestone 
clay  was  extensive  enough  to  confine  under  hydrostatic  pressure,  a 
volume  of  water  which  rose  at  once  to  the  surface  of  the  ground  on 
being  pierced  by  the. drill. 

All  the  sands  underlying  the  blue  clay  below  the  Trenton  limestone 
are  essentially  the  same  in  character,  being  composed  of  rounded 
grains  of  pure  quartz.  These  grains  differ  in  size,  the  largest  being 
about  as  large  as  a  mustard  seed,  and  the  smallest  too  minute  to  dis- 
tinguish with  the  unaided  eye.  They  differ^n  color  somewhat,  passing 
from  a  pure  limpid  glass  to  snowy  white,  and  to  a  buff  color,  and  to  a 
smoky  gray.  These  colors  are  not  due  to  the  cement  in  which  they 
were  enclosed,  but  to  an  actual  difiference  in  the  quartz  itself.  This 
difference  of  color  implies  some  change  in  the  source  of  the  material, 
and  suggests  the  enquiry  whether  that  change  were  not  in  the  waters 
of  the  ocean  rather  than  on  the  land.  On  the  supposition  that  this 
pure  quartz  were  the  result  of  chemical  precipitation,  these  different 
colors  in  the  same  formations  are  easily  accounted  for  by  such  changes 
as  may  have  occurred  in  the  ocean  by  shifting  currents,  allowing  the 
mingling  of  certain  other  substances  in  solution,  with  the  precipitated 
silica  so  as  to  stain  it  as  it  is.  On  the  supposition  that  this  sand  is  de- 
rived from  the  preexisting  land  as  a  sediment  of  detritus,  it  is  very 
difficult  to  understand  how  such  a  source  of  pure  silica,  almost  abso- 
lutely free  from  other  sand  and  impurities,  could  be  obtained  and  dis- 
seminated as  widely  as  this  sand  is  known  to  extend,  and  to  change  its 
inherent  color  from  time  to  tiiye. 

The  pipestone  clay  No.  12,  is  undistinguishable  from  similar  clay 
and  shale  seen  in  the  Potsdam  formation  at  Fond  du  Lac.  It  is  some- 
what schistose  in  one  of  the  fragments,  and  also  has  spots  of  green 
similar  to  the  green  spots  seen  in  the  same  clay  at  Fond  du  Lac.  In 
its  schistose  character  it  resembfes  some  of  the  schistose,  soapy,  clays 
seen  in  the  formation  at  Baraboo,  Wisconsin,  and  at  Sioux  Falls,  Da- 
kota. It  generally  is  a  shale  and  has  an  angular  fracture.  In  the 
midst  of  one  of  the  fragments  is  seen  a  little  grit  cemented  by  the 
same  substance  that  cements  the  red  rock  of  No.  16. 

No.  16,  which  is  the  red  limestone,  so-called,  of  the  East  Minneapo- 
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lis  well,  has  not  any  of  the  qualities  of  a  limestone.  It  is  a  coarse,  red 
grit-stone,  or  arenaceous  felsite,  the  grains  being  pure  white  silica, 
and  the  cement  itself  an  amorphous  red  feldspathic  substance  seen  to 
result  in  many  cases  from  incipient  metamorphism  of  the  shales  of  the 
formation,  disturbed  by  igneous  eruptions,  at  Lake  Superior.  In  other 
words  it  is  a  layer  of  the  red  quartzyte  formation  seen  at  New  Ulm 
^nd  at  Baraboo,  Wisconsin.  The  East  Minneapolis  well  found  this 
layer  to  be  102  feet  thick,  and  to  be  underlain  by  other  sands  and 
shales,  some  of  them  being  blue  and  gray  to  the  thickness  of  722  feet. 
Thus  we  find  an  interbedded  red  quartzyte  in  the  Potsdam  formation 
similar  to  those  seen  in  the  same  formation  in  the  Black  Hills,  and  in 
seyeraf  other  places  in  the  Rocky  Mountain  region. 

I  wish  to  call  attention  particularly  to  the  occurrence  of  the  red 
pipestone  clay  No.  12.  This  shows  that  the  continuance  of  the  dis- 
turbing causes,  centering  in  and  radiating  from  the  region  of  Lake  Su- 
perior, were  still  able  to  send  a  muddy  agitation  through  the  ocean 
sufficient  to  deposit  a  copious  red  sediment  to  the  exclusion,  almost 
entirely  of  the  white  quartz.  This  is  within  127  feet  of  the  bottom 
of  the  Trenton  formation,  and  as  nothing  but  white  sandrock  separ- 
ates it  from  the  Trenton  formation,  it  demonstrates  the  absence  of  the 
entire  Lower  Magnesian  formation.  Thus  we  find  the  Trenton 
brought  into  contact  with  continuous  white  sandstone  beds,  which  are 
shown,  at  least  below  127  feet,  to  belong  to  the  Potsdam  formation. 
How  much  of  this  127  feet  may  be  of  the  St.  Peter  it  is  impossible  to 
state,  because  there  is  no  change  in  the  character  of  the  sandrock,  but 
it  is  just  as  reasonable  to  suppose  that  the  Potsdam  continues  upward 
to  the  Trenton  at  Minneapolis,  in  the  same  manner  as  it  is  reported  to 
in  Eastern  Michigan,  as  to  suppose  the  St.  Peter  sandrock,  which  is 
well  known  to  exist  between  the  Shakopee  and  Trenton  further  south, 
is  brought  on  to  the  Potsdam,  because  in  both  cases  it  necessitates 
what  might  be  styled  an  invisible  unconformability  between  the  Pots- 
dam aud  the  next  overlying  formation. 

The  question  naturally  arises — in  what  part  of  the  Potsdam  forma- 
tion do  these  white  sandstone  layers  belong?  The  answer  must  be, 
near  the  top,  and  probably  quite  at  the  top.  This  is  evident  from 
three  considerations:  First,  there  is  an  immense  thickness  of  red 
sandstones  and  shales  underlying  them,  as  demonstrated  by  the  East 
Minneapolis  and  by  other  wells  in  the  State,  which  must  belong  to 
the  formation,  and  which  are  the  equivalent  of  the  Lake  Superior  red 
shales  and  sandstones.  Second,  but  a  small  thickness  of  sandstone 
supervenes  before  the  Trenton  formation  is  found  overlying.     These 
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upper  light  sandstones  must  be  older  however  than  the  layers  which  at 
Taylor's  Falls  lie  unconformably  on  the  trap  rock,  since  there  the  for- 
mation had  progressed  far  enough  to  admit  of  animal  life,  and  dolomi- 
tic  beds;  and  it  is  likely  that  the  period  of  upheaval  exhibited  about 
Lake  Superior  had  entirely  ceased  before  the  deposition  of  the  Taylor's 
Falls  sands  and  dolomites,  setting  off  those  and  all  succeeding  layers 
into  an  era  of  comparative  quiet. 

In  order  to  make  the  relations  of  these  wells  to  each  other,  and  to 
the  geology  of  the  region  more  evident,  they  are  placed  beside  each 
other  in  perpendicular  section,  in  figure  No.  3. 
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Explanation  of  Figure  3. 

!•     Drift 10  feet. 

2-     Trenton  limestone ^4 

3.  Light,  crumbling  sandstone  (St.  Peter?) 125 

4.  Brown-red  pipestone  clay 2 

5.  Potsdam  sand 42 

6.  Red  quartzyte,  Potsdam 102 

7.  Light-colored  Potsdam  sand  and  shales 722 

8.  Red  Potsdam  sandstone  and  shales,  at  least 347 
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VIII. 

PAPEEIS  ON  THE  CRUSTACEA  OP  THE  FRESH  WATERS 

OF  MINNESOTA. 

BT  C.  L.  HBBSICK. 

I.     CyclcpidtB  €f  Minnesota  tcUh  naUa  an  other  Ccpepoda. 
n.    Notes  an  some  Minnesota  Cladocera. 
in.    On  Notodramas  and  Cambarus. 
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I.     Cyclopidje  of  MiNimsoTA,  with  notes  an  other  Copepods. 

OALANID^. 

It  ee  nis  that  recent  authors  have  suflBcient  ground  for  uniting  the 
families  Calanidce  and  Pontellidce  under  the  single  name;  the  value  o^ 
these  temis  as  subfamily  names  even  may  be  questioned. 

The  family  is  represented  in  our  limits  by  two  genera  and  by  three, 
or  doubtfully  more  species. 

The  fifth  pair  of  feet  furnishes,  by  its  modifications,  the  best  criteria 
for  distinguishing  genera  and  species. 

Genus  Diaptokus,  Westwood. 

Body  elongated,  compressed ;  head  destinct  from  the  thorax,  anterior 
antennae  25-jointed,  those  of  the  male  geniculate  on  the  right  side; 
posterior  antennae  and  mouth  parts  as  in  Calanus ;  inner  branches  of 
all  the  swimming  feet  three-jointed  except  the  first,  which  is  two- 
jointed;  fifth  foot  consisting  of  two  unequal  branches,  prehensile; 
abdomen  of  male  with  five-joints,  of  female  three-jointed. 

Diaptomus  castor. 

(Plate  I,  figs.  1-7,  Plate  II,  figs.  1-2,  16.) 

Bibliography. 
Monoculiis  castor,  Jurine. 

Cyclops  castor,  Desmarest,  Baird,  Mag.  Zool.  and  Bot. 
Cyclops  caeruleus,  Midler,  Latreille,  Bosc. 
Monoculus  caeruleus,  Fabricius,  Manuel,  Gmelin. 
Cyclops  lacinulatus,  Muller,  Ramdohr,  Latreille,  Bosc,  Bairdj  Trans. 
Beow.  club. 
Monoculus  lacinulatus,  Manuel^  Otnelin. 
Cyclops  rubens,  MnUer,  LatreiUe,  Bosc,  Baird. 
Diaptomus  castor,  Westwood^  Baird,  Baker. 
Cyclopsina  castor,  M.  Edwards^  Bairdy  Clans. 
Glaucea  rubens,  Koch,  Deutschlands  Crust. 
Glaucea  caerulea,  Koch,  *'  " 

Diaptomus  castor,  Baird,  Brit.  Entom. 

Clans,  Die  Freilebenden  Copepoden. 
Lilljeborg,  De  Crust,  ex  ord.  trib. 
Lubbock,  Trans.  Linn.  Soc. 
westwoodii,  Lubbock,      *'  "         " 

castor,  Fric.  Die  Krustenthiere  Bdhmens. 
castor,  Brady,  Brit.  Copepoda. 
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The  above  bibliography  is  complete  only  up  to  a  comparatively  re- 
cent date;  many  notices  may  be  found  in  recent  literature. 

The  species  which,  after  careful  study,  has  been  considered  identical 
with  the  European  D.  castor  is  that  described  previously  as  Z>.  longi- 
camis  with  the  remark  that  it  might  prove  too  near  D.  castor.  D.  san- 
guineus, Forbes,  seems  to  be  the  same  thing  nearly.  If  the  amount  of 
variability  admitted  by  Brady  to  prevail  is  allowable  I  see  no  reason 
for  separating  this  species.  It  is  very  variable  as  to  size  and  colora- 
tion, and  even  in  the  configuration  of  some  of  the  parts,  as  antennae, 
etc.,  a  certain  amount  of  latitude  is  to  be  given;  (See  plates  of  Claus, 
Zur  Anatomie  und  Entwicklungs-geschichte  der  Copepoden  Arch.  f. 
Naturg.  XXIV  Jahrg.,  B  I.)  ^-^A;  cm.  in  length.  The  following 
points  are  variable : — length  of  caudal  stylets,  structure  and  thickness  of 
male  geniculating  antenna,  size  of  claw  of  fifth  male  foot  and  spinous 
armature  of  feet.  How  far  such  variations  may  extend  and  how  much 
they  are  dependent  on  peculiarities  of  habitat,  etc.,  farther  study  must 
demonstrate.  Some  interesting  facts  meanwhile  are  suggestive.  A 
second  and  gigantic  form  which  may  be  known  as 

Diaptomus  giganteus. 

(Plate  II,  figs.  3-11-15.) 

with  the  reservation  that  it  is  doubtfully  of  more  than  varietal  value, 
was  found  under  such  circumstances  as  to  suggest  that  it  might  be 
only  a  curiously  magnified  condition  of  Z).  castor.  It  is  known  to 
occur  only  in  a  small  marshy  pool  of  about  two  square  rods  extent  and 
which  annually  dries  up  nearly  completely.  A  few  yards  away  is  a 
second  pool  of  a  somewhat  greater  size  and  which  less  frequently  dries 
up  in  summer.  These  two  pools  within  the  memory  of  the  writer 
were  united,  but  in  the  gradual  dessication  which  has  been  observed  in 
all  Minnesota,  they  have  been  isolated.  The  former  pool  in  June  was 
found  to  contain  mature  males  and  females  of  the  D.  giganteus  only, 
few  other  copepods  being  present,  while  the  other  pool  contained  all 
stages  of  the  common  D.  castor.  There  are  no  neighboring  waters,  the 
nearest  being  half  a  mile,  and  that  (L.  of  Isles)  has  only  D.  castor. 

The  smaller  pool  soon  completely  dried  up  so  that  this  form  was,  for 
the  time,  exterminated.  The  conclusion  seems  almost  resistless  that 
the  stagnation  incident  to  evaporation  produced  circumstances  favor- 
able to  the  development  of  this  enlarged  form.  At  any  rate  it  is  an 
interesting  fact  in  local  distribution. 

This  variety  is  -^  cm.  long  or  more,  and  is  much  the  largest  fresh 
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water  copepod  known  to  me;  it  is  a  deep  red  in  color  and  very  com- 
pactly framed.  Although  so  much  larger  than  Z>.  ctistor,  it  is  almost 
impossible  to  find  any  stractoral  differences.  The  male  fifth  foot  dif- 
fers somewhat,  but  mainly  in  the  enlargement  of  one  part  at  the  ex- 
pense of  the  others.  The  thorns  on  the  feet  are  strongly  pectinate 
and  the  larger  ones  bear  short  spines  instead  of  bristles. 

Diaptomus  armatus^  sp.  n. 
{See  accompanying  cut.) 

A  second  form  is  imperfectly  known,  but  presents  some  clearly 
marked  distinctions  which  may  have  specific  value. 

Length  about  as  Z>.  castor-,  body  slender;  antennae  reaching  base  of 
abdomen  only;  female  differing  otherwise  but  little  from  2>.  castor  {'^); 
male  considerably  smaller;  caudal  stylets  narrow;  antennae  peculiar, 
shorter  than  the  body;  thickened  portion  of  the  geniculate  antenna 
short;  two  last  joints  very  short;  one  preceding  the  second  long,  bear- 
ing a  hook  at  end;  fifth  foot  with  a  very  long  claw  to  longer  ramus 
(nearly  as  long  as  the  ramus  itself)  with  a  tooth  on  the  inner  margin 
near  the  base,  not  perfectly  arcuate,  reaching,  when  extended,  to  end 
of  caudal  setae. 


Fig.  1. 

Diaptomus  armatus. 
a.  part  of  male  antenna,    b.  fifth  foot  of  male. 

Genus  potomoichetor,*  Gen.  nov. 
Cephalothorax  six-jointed  as  in  Diaptomus,  but  with  the  distal  seg- 
ment more  evident;  abdomen,  in  the  male,  five-jointed,  in  the  female 

•Rlrer'lnhAbltor. 
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faur.jointed;  antennse  twenty- four  jointed,  the  right  geniculated  as  i& 
Cefitropages  (=/chthyophorhia);  first  pair  of  feet  with  the  rami  6o^A 
three-jointecl,  like  the  following;  feet  of  the  fifth  pair,  in  the  female, 
like  the  preceding,  but  with  a  spine  of  the  joint  preceding  the  ter* 
minal  one  enlarged  and  divaricated  somewhat  as  in  Centroptiges;  in  the 
male,  the  right  with  a  two-jointed  outer  ramus,  the  terminal  joint  of 
which  is  spined  and  bears  near  its  base  a  blunt  expression  of  its  inner 
margin;  outer  ramus  of  left  foot  three -jointed,  armed  with  unequal 
spines;  inner  branches  smaller,  similar,  three-jointed;  the  terminal 
joint  bearing  curved  spines;  ovary  and  testes  as  in  Diaptomus,  with 
which  the  mouth  parts  agree  in  the  main;  eyes  medium,  confluent;  no 
lower  or  secondary  eye-spots. 

poTOMoicnETOR  Fucosus,  sp.  nov. 

(Plate  II,  Figs.  12-14.     Plate  III,  Pigs.  1-8,  13-U.) 

Rather  slender,  and  in  size,  as  well  as  general  api)earance,  resembling 
the  smaller  forms  of  Diaptomus  castor ;  antennae  rather  stout,  reaching 
but  little  beyond  the  feet,  appendaged  as  in  D.  castor,  in  the  male 
strongly  geniculated,  but  somewhat  variously  so;  the  six  joints  pre" 
ceding  the  terminal  four  are  thickened;  those  preceding  the  joint  or 
hinge  are  arcuate  on  the  distal  margins;  the  secondary  antennae  are 
about  as  in  Diaptomus ;  mandibular  palp  two-branched ;  the  outer  three- 
jointed,  the  inner  two-jointed;  the  terminal  joint  of  the  shorter  branch 
bearing  seven  setae,  of  the  other  four,  the  proximal  joint  of  the  former 
with  three  stout  spines;  the  maxillae  nearly  like  Diaptmnus;  the  pro- 
cesses have  respectively  the  following  numbers  of  setae :  the  basal 
plate  eight,  the  small  process  at  base  of  posterior  branchial  appendage 
one,  the  appendage  itself  twelve,  terminal  portion  three  groups,  first 
containing  nine,  the  second  three  and  the  third  four  or  five,  the  upper 
of  the  anterior  processes  two  and  the  lower  three;  fifth  feet  nearly  like 
the  others  in  size;  the  right  in  the  male  having  the  outer  branch  but 
two-jointed  by  the  coalescence  of  the  two  outer  to  form  an  arcuate 
and  deformed  appendage  armed  at  the  end  with  three  stout  equal 
spines;  corresponding  branch  of  left  foot  three-jointed;  the  terminal 
joint  bearing  three  unequal  spines,  each  of  the  preceding  but  one; 
inner  branches  similar,  three-jointed;  terminal  joint  being  short  and 
armed  with  three  short  lanceolate  setie  and  three  longer  ones,  two  of 
which  are  curved  so  as  to  be  slightly  prehensile;  fifth  foot  of  female 
with  both  rami  three-jointed;  inner  ramus  much  smaller;  antepenult 
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s^ment  of  the  outer  ramus  extending  into  a  large  lanceolate  process; 
OTa  sac  long-elipsoidal  reaching  to  nearly  the  end  of  caudal  setae. 

This  species  prefers  running  water  or  estuaries  of  streams.  Crow 
river,  Meeker  county,  and  a  brook  between  Minneapolis  and  St.  Paul. 

NOTE  ON  CANTHOCAMPUS. 

Claus  says  (FreUebeiiden  CopepocleUy  p  121)  that  he  could  not  lind  the 
coiled  ''shell  gland"  in  Canthocampus,  though  it  is  described  by  Leydig. 
I  have  found  it  in  a  European  species,  (0.  minutus^)  and  think  it  con- 
stant. Canthocampus  also  has  a  singular  area  of  nervous  hairs-  upon 
the  forehead,  and  in  the  same  situation,  pits  which  seem  rudimentary 
eye-spots  and  sometimes  appear  to  be  pigmented.  The  pentagonal  area 
mentioned  is  bounded  by  a  raised  line. 

OYOLOPIDiE 

Contains  five  genera,  viz. :  Thorellia,  Cyclopa,  Oithona,  Lophoph- 
arus  and  Cychpina;  passing,  by  the  genera  Misophria  and  Pseiidocy- 
cU^s^  into  the  Calanidm  or  marine  copepods.  The  affinities  of  these 
little  studied  genera  need  further  study,  as  they  are  very  interesting, 
the  question  being  still  open  in  how  far  the  cyclopoid  forms  are  altered 
by  adaptation  to  saline  habitat,  if  such  an  adaptation  takes  place  at  all. 

The  following  is  Brady's  definition : 

Cephalothorax  ovate  and  usually  much  more  robust  than  the  abdo- 
men; anterior  antenn®  seldom  longer  than  the  cephalothorax,  those 
of  the  male  alike  on  both  sides  and  modified  for  the  purpose  of  clasp- 
ing: posterior  antennae  branched  (i,  e.  palpus  wanting);  palps  of 
mandibles  and  maxillae  usually  well-developed;  foot-jaws  mostly  less 
developed  than  in  Caianida*;  first  four  pairs  of  feet  as  in  CalamdoPy 
fifth  pair  rudimentary,  alike  in  both  sexes,  and  usually  one-jointed; 
ovisacs  two. 


16 
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Pig.  2. 


A  Cyclops  with  abnormally  pectinated  caudal  setae. 
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Genus  cyclops. 

Brady  well  says  of  this  genus :  ''As  regards  discrimination  of  species 
it  is,  perhaps,  the  most  difficult  and  puzzling  of  all  the  Copepoda." 
He  also  states  that ''  the  only  safe  rule  in  this  state  of  things  is  to  ac- 
cept no  specimens  as  types  which  do  not  show  amongst  them  ova- 
bearing  females."  It  is  necessary,  however,  to  limit  the  matter  more 
closely,  as  will  be  shown  farther  on,  for  not  only  do  immature  females 
become  fruitful  even  while  the  antennae  are  yet  incompletely  developed, 
but  the  species  are  subject  to  a  sort  of  dimorphism  which  it  is  interest- 
ing to  parallelize  with  that  in  the  males  of  Cambanis.  The  species  are 
all  fresh-water,  so  far  as  it  is  at  present  known,  though  it  may  be  that 
salt-water  forms  exist  under  other  names. 

The  characters  of  the  family  with  some  limitations  apply  to  the 
genus. 

The  following  species  are  probably  but  few  of  those  which  occur 
even  in  Minnesota,  but  they  are  so  clearly  defined,  for  the  most  part,  as 
to  be  unmistakable  and  their  description  it  is  hoped  will  form  a  founda- 
tion upon  which  to  lay  later  study. — Observations  extend  over  a  term 
of  about  four  years. 

Species  with  sei^enteen-jointed  Antennce. 

CYCLOPS  TENUICOKKIS,  ClaUS. 

Bibliography. 
Plate  VI,  figs.  1-11,  20.    Plate  V,  fig.  14. 

Cyclops  tenuicornis,  Glaus,  Das  Genus  Cyclops. 

Die  Frei-lebenden  Copepoden. 
Sars,  Oversigt  af  de  Indehlandske. 

Ferskvands  Copepoder. 
U^anin,  Beise  in  Turkestan. 
Brady,  British  Copepoda. 
Cyclops  signatus,  Koch,  Deutschlands  Crust. 

G.  0.  Sars.     Uljanin.     Brady. 
'    Cyclops  coronatus,  Glaus.    Fric. 

We  feel  confident  that  the  two  forms  distinguished  by  Claus  as  C 
corwiatusj^^signatus)  and  C.  tenuicornis  should  be  united,  as  the  only 
distinction  which  is  at  all  reliable,  is  the  knife-like  serrateii  ridge  on 
the  last  joint  of  the  antennae.  The  last  joints  are  frequently  longer  in 
tenuicornis  form,  as  are  the  stylets  in  eoronatus,  but  this  varies.     In  the 
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same  gathering  (for  in  so  far  as  we  have  observed  they  occur  together 
where  circumstances  permit  a  full  development,)  the  coranatus-torm  is 
larger  and  carries  more  numerous  eggs.  No  young  with  the  serrated 
antennas  have  been  seen,  though  searched  for  diligently.  On  the  other 
hand  young  forms  of  tenukornis  abound,  and  we  have  seen  females 
with  incompletely  grown  antennae  with  egg-sacs.  In  view  of  these 
and  similar  facts,  we  feel  justified  in  considering  coronatus  probably  a 
post-imago  ot  tenuicornis. 

Gephalothorax  broad;  abdomen  rather  slender;  antennae  reaching 
about  to  base  of  throax,  attenuated  at  the  end;   terminal  joint  with  a 

knife-like  ridge;  formula  —  ^w  —  r^  —  ^s•^-•s-/^^'^s-/w 

— ;  fifth  foot  composed  of  a  long  basal  joint  bearing  a  long  spine  and 
a  terminal  three-spined  division;  caudal  stylets  over  twice  as  long  as 
last  abdominal  segment;  setae  all  nearly  terminal,  inner  one  much 
longer  than  usual,  length  m  cm. 

Common  in  America,  England  and  continental  Europe. 

CYCLOPS  ATER,  n.  Sp. 

(Plate  III,  figs.  9-12.) 

Length  about  m  cm;  antennae  as  long  as  cephalothoraz,  m  cm.,  slen- 
der and  gradually  tapering;  formula*  —  Xw s^  —  ^ww^r 

-  ^w' ;  terminal  joints  rather  short;  the  last  joint  furnished 

with  a  knife-like  ridge  as  in  tenuicornis;  second  antennae  much  as  in 
tenuicornis;  mazillipeds  rather  large;  fifth  foot  one-jointed,  armed  with 
three  subequal  spines;  abdomen  rather  short,  last  segment  very  short; 
stylets  somewhat  elongated;  setae  rather  short,  lateral  seta  near  the 
end;  eggs  pale;  color  deep  blue  or  gray. 

This  beautiful  and  very  distinct  species  is  found  in  **  Mud  Lake  '*  in 
Hennepin  county,  with  Cyclops  signaifis.  The  large  very  dark  cephalo- 
thorax  and  shortened  abdomen  make  it  conspicuous.  The  one-jointed 
fifth  foot,  shape  of  the  operculum  vulvae  in  connection  with  the  short- 
ened joints  of  antennae  and  characters  of  the  caudal  stylets,  make  the 
species  sufficiently  distinct  from  any  other. 

CYCLOPS  INOBN8,  Sp.  nOV. 

(Plate  IV,  figs.  1-8.) 

A  large  species  perhaps  too  near  C.  gigaSj  or  C.  hrevicornie  ClauS; 
but  differing  from  the  former  as  to  the  length  of  antennae  and  stylets 

*NoTE.    Tbe  ftcceat  marks  hf*  aied  to  ?tli<uiry  that  Joints  represented  by  tham  (ooanting  Arom  bsse). 
Are  either  long  — ,  short  w,  medlam  ^. 
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and  in  not  having  the  distal  margins  spined  (except  in  some  cases?) 
and  fro  u  the  latter  in  size  and  arrangement  of  caudal  setae. 

Thorax  large;  abdomen  rather  slender;  stylets  rather  slender  with 
the  lateral  seta  well  towards  the  end;  second  and  third  setaB  alone 
long,  weakly  pectinate;  last  joint  but  one  of  abdomen  sometimes 
toothed  along  the  distal,  under  margin;  maxillipeds  as  in  C.  gig  as ; 
jaws  with  large  teeth;  antennae  very  short  not  reaching  to  the  base  of 
the  first  cephalothoracic  segment;  formula  —  ^^^  —  -^^  —  s-/v-/>w/ 
>w'  ^s•  w'  >s^  -^  —  — ;  fifth  foot  two-jointed,  the  proximal  joint  very 
broad  with  a  strong  spine,  second  joint  cylindrical  with  a  long  seta 
and  a  very  short  spine  near  the  end;  operculum  vulvae  somewhat 
heart-shaped;  egg  sacs  oval-elongated,  reaching  beyond  the  end  of  ab- 
domen; length  T*o%  <^™-  including  stylets  and  setae. 

This  is  one  of  the  largest  and  finest  as  well  as  rarest  of  our  forms 
and  loves,  as  it  appears,  lakes  having  outlets.  ^ 

Small  forms  tcUh  seventeen^jointed  AntenncB. 

CYCLOPS  NAVUS,  sp.  nov 
(Plate  V,  figs.  6-13-15-17.) 

Closely  related  to  Cyclops  puIeheHus^  Koch,  and  to  Cyclops  strenuus^ 
Fischer. 

Rather  slender;  abdomen  long;  stylets  about  three  times  as  long  as 
last  segment  of  abdomen;  lateral  seta  rather  stout;  outer  and  inner 
terminal  setae  minute ;  middle  ones  of  moderate  length ;  antennae  short, 
reaching  barely  to  or  but  little  beyond  the  end  of  first  segment;  for- 
mula —  — s-^  —  —  vw'  —  v«^s-xN^N^N^N^N^  —  —  ^;  fifth  feet  two- 
jointed,  terminal  joint  large,  with  two  considerable  spines;  operculum 
vulvae  of  peculiar  shape ;  length  jVo  cm.  excluding  setae. 

Quite  abundant  and  perhaps  passing  into  the  following. 

CYCLOPS  PABCU8,  Sp.  nOV. 

(Plate  VI,  figs  12-15  ) 

Almost  exactly  like  the  last  bat  not  yet  found  in  the  same  waters. 
Distinguished  by  the  broad  and  short  basal  joint  of  the  fifth  foot 
which  extends  into  a  process  carrying  a  spine,  the  slender  second  joint 
with  a  single  long  spine  and  a  short  thorn,  and  by  the  oval  shape  of 
the  operculum  vulvae. 
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The  caudal  setae  are  naked  for  about  a  third  of  their  length.  These 
distinctions  seem  constant. 

Section  with  twelve-} ointed  Antennie. 

CYCLOPS  SERRULATUs,  Fischer. 
(Plate  V,  figs.  1-5,  Plate  VII,  fig.  10.) 
Bibliography. 

C3'clops  serrnlatus,  Fischer  Bulletin  de  la  Soc.  Imp.  etc.  Moseou. 

LiUjeborg,  De  crust  ex  ord.  trib. 

Clans,  Das  genus  Cyclops. 

Sars,  Oversigt  Ferskvands  Copepoder. 
Frei-lebenden  Copepoden. 
^  Fric,  Die  Krusten^thiere  Bohmens. 

Uljanin,  Reise  in  Turkestan. 

Brady,  British  Copepoda. 
?  Cyclops  minutus,  Claua,  loc  cit.  (      young.) 
?  Cyclops  macrurus,  Sars,  loc.  cit. 
?  Cyclops  spinulosus,  Claus,  loc.  cit. 

Typical  Fortn. 

Cephalothorax  oval,  compact;  abdomen  slender  and  short,  suddenly 
enlarged  previous  to  its  union  with  the  thorax;  antennae  slender, 
reaching  nearly,  but  not  quite  to  the  last  thoracic  segment;  the  last 
three  joints  are  attenuated  and  furnish  the  most  evident  character  of 

the  species;  formula  —  -  -*  —  >^N^:ri_v^ ;  during  life  the 

antenna?  tend  to  assume  the  form  of  a  rude  Z,  the  proximal  four  joints 
forming  the  base;  antennules  small,  reaching  about  to  the  sixth  joint 
of  antennae;  jaws  small  with  large  teeth;  the  single  segment  of  the 
fifth  foot  with  three  equal  spines;  egg  sacs  oval,  as  long  as  the  abdo- 
men; eggs  few,  dark;  caudal  stylets  very  long  and  slender,  spined 
along  the  outer  margin;  lateral  setae  small  and  approximated  to  the 
upper  one ;  outer  terminal  seta  short,  spine-like,  in  life  set  nearly  at 
right  angles  to  the  others,  spined  or  beaded  on  one  margin  and  bristled 
on  the  other;  the  next  seta  is  as  long  as  the  abdomen,  being  somewhat 
exceeded  by  the  following  one ;  inner  seta  insignificant ;  upper  seta  very 
small;  length  less  than  t^„  cm 

A  larger  form  occurs  with  an  elongated  body  and  abdomen  and  with 
extremely  attenuated  antennae  and  caudal  stylets,  but  it  is  not  a  va 
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riety  induced  by  alpine  habitat  as  suggested  by  Brady,  occurring  as  a 
"post  imago"  form  with  the  ordinary  type.  Claus'  description  of 
Cyclops  apinulosus  suggests  that  this  form  may  be  the  basis  of  his 
species  though  the  form  of  the  male  antenna  is  diflFerent  from  any 
yet  seen.  Cyclops  minutus,  Glaus,  is  most  certainly  the  young  of  some* 
Cyclops,  as  is  indicated  both  by  the  description  and  figures  in  Die  Frei- 
lebenden  Copepoden.  Though  placed  among  the  twelve -jointed  forms  the 
antennae  are  eleven-jointed.  The  fact  that  the  females  may  have  had 
egg  sacs  is  no  proof  of  their  maturity  as  I  have  seen  undoubted  larval 
forms  of  serullatus  with  the  sacs.  Moreover  two-jointed  branches  of 
swimming  feet  is  a  larval  character.  This  is  a  cosmopolitan  and  very 
abundant  species,  occurring  in  almost  all  pools  and  lakes  about  Min- 
neapolis. The  form  and  structure  of  the  stylets,  antennae  and  feet 
make  it  an  easily  recognized  species. 

CYCLOPS  FLUVIATILIS,  Sp.  nOV. 

(Plate  VII,  figs.  1-9.) 

A  very  small  and  distinct  species  of  the  section  with  12-jointed  an- 
tennae was  found  in  an  estuary  of  the  Mississippi  river,  (also  later  in 
L.  Minnetonka)  with  the  following  characters: — 

Body  elongated;   thorax  very  long;  abdomen  slender;  stylets  about 
as  long  or  longer  than  last  abdominal  segment;  setae  all  very  short,  not 
pectinate;   lateral  and  dorsal  setae  very  small;  outer  one  spine -like 
short  and  stoat,  two  middle  short,  inner  one  very  small  and  incon- 
spicuous; antennae  reaching  nearly  to  the  base  of  abdomen;  formula, 

—  ^N^  —  — ;  the  three  joints  following  the  six 

basal  are  much  elongated  while  the  terminal  ones  are  but  moderately 
so,  a  character  which  is  peculiar  to  this  species;  terminal  segment 
slightly  but  evidently  hinged,  and  together  with  pair  preceding  some- 
what curved;  feet  with  the  terminal  spines  strongly  toothed;  fifth 
foot  very  small,  one- jointed,  bearing  three  small  setae;  operculum 
vulvae  heart-shaped;  egg  sacs  subquadrangular;  eggs  large;  abdomen 
in  the  young  much  elongated;  color  deep  indigo,  length  ^Jo  cm. 

**  CYCLOPS  ADOLESCBNS,  Sp.  nOV. 

(Plate  VI,  figs.  16-20.). 

The  form  figured  under  the  above  name  seems  closely  allied  to  Cm 
affinis,  Sars,  from  which  it  diflFers  chiefly  in  the  arrangement  of  the 
joints  of  antennae. 


Digitized  by  VjOOQIC 


232  TJBICTH   ANNUAL  BEPOBT 

The  body  passes  without  marked  transition  into  the  abdomen  which 
is  abnormally  shortened ;  caudal  stylets  very  short  as  is  the  last  segment 
of  the  abdomen;  setae  exactl}*  as  in  C  parous  with  which  it  was  found; 
^ntennse  eleven-jointed;  formula  —  ^^  —  >^  ^  --  s^— — ;  a  semi -cir- 
cular series  of  spines  upon  the  basal  joint;  fifth  foot  obsolescent,  the 
three  spines  appearing  to  spring  directly  from  the  last  thoracic  seg- 
ment which  also  bears  a  series  of  teeth;  egg-sac  reaching  to  base  of 
abdomen,  with  rather  numerous  eggs;  feet  heavily  spined  on  one  mar- 
gin; length  iVo  ^^9  male  iw  cm. 

This  species,  together  with  all  others  of  this  sort  with  eleven-jointed 
antennse,  is  perhaps  but  an  immature  and  abnormally  modified  form 
of  some  of  the  .common  species  tf  this  be  true  the  rarity  of  these 
nominal  species  is  explained.  C.  minutue,  Glaus,  is  certainly  but  a  lar- 
val form,  as  is  shown  by  the  two-jointed  branches  of  swimming  feet. 

Section  with  8-jointed  Antennae 

CYCLOPS  CRA8SIC0RNI8,  MiiUer. 

(Plate  IV,  figs.  9-14.) 

Bibliography, 

Cyclops  crassieornis,  Muller^  Entomostraca. 

Sars^  Oversigt  Ferskvands  Copepoder. 
Uljanin,  Reise  in  Turkestan, 
y  Brady,  British  Copepoda. 

pauper,  Fric,  Die  Erustenthiere  Bdhemens. 
?  magniceps,  Lillieborg,  De  crustaceis  ex  ordinibus  tribus,  etc. 

A  small  species  characterized  by  its  small  size  and  the  eight-jointed 
antennae;  body  depressed  and  passing  gradually  into  the  rather  uni. 
form  abdomen;  first  cephalothoracic  joint  large;  abdohien  rather  slen- 
der; stylets  of  moderate  length,  spined  along  the  outer  margin  some- 
what as  in  C.  serruUUus;  outer  seta  lance-shaped,  short;  the  next  one 
as  long  as  stylets  and  last  two  segments;  the  following  one  nearly 
twice  as  long;  inner  one  very  small;  last  joint  of  abdomon  spined;  the 
preceding  one  fringed  on  distal  margin  with  weak  setae;   antennae 

short,  not  reaching  the  base  of  first  segment;  formula :::  —  ^.^  w 

>^  ^;  the  basal  joint  with  a  semi-circular  set  of  fine  bristles,  and  with 
the  following  is  furnished  with  pectinate  setae;  second  antennae  short; 
terminal  joint  short,  with  two  curved,  strong  spines  and  other  weaker 
ones;  fifth  feet  small  one -jointed  with  three  unequal  spines,  bordered 
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above  by  a  spined  plate  of  the  last  thoracic  segment;  length  about  loo 
cm.  excluding  setae. 

This  species  appears  not  to  be  very  abundant,  or  at  least  from  its 
small  size  it  is  not  often  encountered.  A  few  particulars  distinguish 
these  western  forms  from  the  description  given  by  Brady,  among  them 
being  the  spinous  armature  of  the  stylets,  the  bristles  on  the  penulti- 
nate  segment  of  the  abdomen,  pectinate  bristles  of  the  fifth  feet,  and 
the  greater  length  of  the  abdomen,  yet  I  see  no  reason  for  separating 
them.  I  have  not  seen  the  male  and  can  not  be  sure  that  there  is  no 
further  development,  but  the  fact  that  the  feet  in  this  form  are  three" 
jointed,  and  its  peculiar  characters^  clearly  distinguish  the  speciei 
from  any  other  known  to  me. 
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Fig.  3,  Sida  crystallina. 
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II.    Notes  ox  some  Minnesota  Cladoceka. 

Tribe  I  Ctenopoda. 

SIDIDJE. 

Antennae  of  second  pair  with  unequal  rami,  superior  larger;  last 
joints  compressed  and  setose;  intestine  simple. 

Of  this  family  two  species  are  certainly  identified  in  America,  both 
of  which  are  abundant  in  certain  favorable  locations  at  the  proper 
seasons.     No  species  of  the  Holopedidce  are  known  to  occur  here. 

Genus  sida  Straus. 

Superior  ramus  of  second  antennae  three-jointed;  posterior  margin 
of  post-abdomen  with  numerous  spines  (20-30.) 

Sida  cbystallina,  Miiller. 
(Fig.  3.) 

Bibliography, 
Daphne  crystallina,  Miiller. 
Daphnia  crystallina,  Latreille.     Base, 
Sida  crystallina,  Straus,  M6m.  Mus.  Hist.  Nat. 
Sida  crystallina,  M.  Edwards,  Hist.  Nat.  Crust. 
Monoculus  crystallinns,  Gmelin,     Manuel,     Fabricins, 
Monoculus  elongatus  De  Geer,  MOm.  servir  Hist.  Ins. 
Sida  crystallina,  Lievin,  Branch,  d.  Danziger  6eg. 
Baird,  Brit.  Entom. 
\    LiVjeborg,  De  crust,  ex  ord.  trib. 
Fischer. 
Schodler,  Die  Branch,  d.  Umg.  v  Berlin. 

Neue.  Heitr. 
I^eydig,  Naturg.  d.  Daph. 
SarSf  Norges  Ferskv — Krebsdyr. 
elongataSor«      ''  ''  " 

Sida  crystallina,  P.  E,  MuUer,  Danmark's  Cladocera. 
KurZy  Dodekas  Neuer  Cladoceren. 
Birge,  Notes  on  Cladocera. 
Herrhk^  Microsc.  Entom. 
LutZf  Untersuchj  ii.  d.  Cladoceren  d.  Umg.  v.  Bern. 

1878. 
Weismann, 
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I  note  this  cosmopolitan  species,  of  which  h  nearly  complete  biblio- 
graphy is  given  aboye,  simply  to  mention  that  I  have  recently  found 
for  the  first  time  specimens  of  Sida  reaching  the  size  mentioned  by 
P.  E.  Miiller  (,Vo  cm.) 

In  smaller  pools,  when  present  our  Sida  in  much  (often  i)  smaller, 
and  only  in  L.  Minnetonka  does  the  species  attain  its  ultimate  devel- 
opment. 

Genus  daphnella. 
Superior  ramus  of  second  antennse  apparently  2-jointed,  narrow; 
post-abdomen  destitute  of  spines. 

DAPHNBLLA  BRACHYURA  Lievin. 

(Plate  VII,  11-16  ) 

Bibliography. 

Sida  brachyura,  Lievin  Branch,  d  Danziger  Geg 

Daphnella  wingii,  Baird^  Brit.  Entom 

Sida  braehyura,  Lilljeborg,  De  crust,  ex  ord.  trib. 

Diaphanosoma  brandtianum,  Fischer,  Erganzig,  Berichtig. 

Daphnella  brandtiana,  Sars,  Norges  Ferskv.— Krebsdyr. 

Daphnella  brachyura,  P.  E.  Mailer^  Daji mark's  Cladocera. 

Daphnella  brachyura,  Lutz,  Untersuchung  u.   die   Cladoceren    d. 

Umg.  V.  Bern. 

Sida  brachyura,  Pavesi,  Nuora  serie  di  recerche  della  fauna  pelagica 
nei  laghi  italiani,  (L.  Trasimens.) 
(Compare  also  D.  expinosa^  Birge,  Notes  on  Cladocera  p.  3.) 

The  species  of  Daphnella  found  about  Minneapolis,  occasionally 
abundant,  seems  not  to  differ  in  any  important  character  from  Euro- 
pean types  of  D.  brachyura  although  I  formerly  regarded  it  as  distinct 
(D.  winchelli.) 

Head  less  than  one-half  the  body  (about  i^oo  c™-  while  body  is  ,ooo 
cm.  long);  eye  about  i  head;  antennae  when  reflexed  extend  a  little 
beyond  J  the  length  of  body.  Male  iJo  cm.  long;  antennae  reflexed 
reaching  base  of  shell;  anterior  antennae  extremely  long;  copulating 
organs  reaching  nearly  to  end  of  claws.  Having  carefully  compared 
our  specimens  with  the  description  and  figures  given  by  Birge  for  his 
D.  exptnosOf  the  evidence  seems  to  indicate  not  only  that  they  are 
identical  but  both  are  really  D.  barchyura.  The  distinctive  characters 
of  D.  expinosa  are  a  greater  indentation  between  head  and  body,  ab" 
sence  of  caudal  teeth,  greater  length  of  male  appendages,  and  the 
opening  of  the  vasa  deferentia  in  the  "instep"  of  these  appendages. 
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The  absence  of  t  •  oq  the  post-abdomen  is  of  even  generic  im- 

portance according  .  .  s,  who  gives  it  in  his  synopsis  of  genera  as 
typical  for  Daphnella.  in  our  specimens  the  claws  are  at  least  pecti- 
nate if  not  serrate,  while  the  appendages  of  the  male  reach  generally 
nearly  to  the  middle  of  the  claws.  The  relative  length  of  these  ap- 
pendages and  the  antennae  of  male  is  variable. 


Tribe  II,  anomopoda. 


DAPHNID^. 

Rami  of  antennse  3  and  4-jointed;  feet  of  five  pairs;  intestine  with 
anterior  ccBca  not  convolute. 

Qenus  hoina,  Baird. 

A  transition  between  Sidid(e  and  Daphnidw  is  made  through  this 
genus. 

Head  separated  from  the  body  by  a  depression;  macula  nigra  absent; 
antennse  of  female  large,  movable,  of  male  very  long,  curved;  first 
foot  of  male  with  strong  hook;  valves  short,  truncate  behind. 


MOIS^A  BRACHIATA. 

We  believe  with  P.  E.  Miiller  that  this  and  M.  rectirostris  are  iden. 
tical.  The  most  complete  discussion  of  the  merits  of  the  three  species 
(the  above  and  M.  paradoxa)  is  found  in  Weismann's  paper,  Ueher 
einige  neue  cder  unvoUkorntnen  gekannte  Daphniden,  Griiber  and  Weis- 
mann,  1877,  which  see  for  bibliography  and  elaborate,  not  to  say  la- 
bored, distinctions.  This  species  is  not  common,  but  when  found  (in 
muddy  pools  in  late  summer)  frequently  appears  in  great  numbers. 
For  embryology  see  Grobben,  Entwicklungsgeschichte  der  Moina 
rectirostris. 

Qenus  DAPHiiaA. 

This  genus  as  limited  by  Miiller  is  well  distinguished  from  the  re- 
maining genera  of  the  {sLmiljSiinoeq>halus,  Seapholeberis,  Ceriodaphnia 
and  Moina. 

As  remarked  by  Birge,  this  is  not  the  typical  representative  of  the 
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group  but  is  a  very  divergent  member  of  it,  worthy,  probably,  of  form- 
ing a  distinct  section  or  sub-family.  The  most  remarkable  feature  is 
one  which  appears  in  a  comparatively  early  embrj'onic  jieriod  and,  in 
some  cases,  nearly  disappears  in  later  life-  This  is  the  development  of 
a  long  spine  from  the  dorsal,  posterior  end  of  the  shell.  This  is  th^ 
real  diagnostic  test  and  has  not  yet  been  incoqiorated  into  the  defini- 
tion of  the  genus  The  occurrence  of  a  crista  is  more  variable  ap- 
parently, but  may  be  of  some  importance. 

The  following  is  suggested  as  a  revision  of  the  diagnosis : 

Shell  more  or  less  oval  or  sub-cpiadrate  and  reticulate;  head  rounded 
anteriorly,  but  sometimes  with  a  crest,  prolonged  below  into  a  beak 
which  is  truncate  posteriorly  and  bears  the  antennje  near  the  apex; 
upper  dorsal  corner  of  shell  in  young  of  both  sexes  and  mature  males 
prolonged  into  a  long  spine;  the  macula  nigra  is  present  but  not 
always  pigmented;  the  post-abdomen  spined  behind;  opening  of  rectum 
at  the  end. 

The  female  with  two  age-forms  (heterogonetic  and  dimorphic);  the 
second  form  frequently  scarcely  spined;  antenna*  small,  not  movable, 
furnished  with  sense-hairs;  ephippium  with  two  ova,  separable  from 
remainder  of  shell  along  the  latero-median  suture;  the  brood -cavity 
closed  by  more  than  two  unequal  processes  of  the  abdomen. 

Male  with  long  movable  (almost  two-jointed)  antennas  furnished 
with  prehensile  stylus;  first  foot  bearing  a  curved  claw;  swimming  an- 
tennae very  long;  vas  deferens  opening  at  the  end  of  post-abdomen. 
Embryo  with  second  antennae  palpate;  a  curved  appendage  to  shell 
which  becomes  the  spine  of  adult. 

DAPHNIA   PULEX. 

This  species  is  mentioned  here  simply  to  remark  concerning  Z>. 
ptdex,  var  denticulata  of  Birge,  (Notes  on  Cladocera,  p.  11,  plate  I,  fig. 
11.)  that  the  European  as  well  as  all  the  American  specimens  of  Z). 
pulex,  hAve  a  fine  series  of  spines  on  the  claws  of  the  post-abdomen. 
A  glance  at  Tafel  XII,  fig.  39,  of  the  Zeitschrift  fiir  Wiss.  Zool.  Bd- 
XXXIII,  with  Weismann's  plate  of  the  end  of  the  abdomen  of  this 
species,  is  sufficient  evidence  of  this  fact,  though  as  the  animal  is  a 
male  and  quite  young,  the  spines  are  less  evident;  moreover  the^ 
number  of  caudal  teeth  is  known  to  be  variable  with  age.  Some 
other  peculiarity  must  be  found  to  give  this  varietal  distinction 
validity. 
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DAPHNIA   Sp? 

(Plate  X,  figs.  15-16). 

From  a  cold  marsh  a  gathering  in  June,  1882,  contained  several  fe. 
males  like  that  represented  by  fig.  16.  They  were  far  from  being 
abundant,  however,  and  the  pool  contained  no  other  Daphnia  showing 
that  it  was  unfavorable  to  the  growth  of  these  animals. 

These  females  differ  from  D.  pulex  chiefly  in  their  small  size,  dw  cm.) 
being  the  smallest  Daphnia  seen  with  an  evidently  mature  appearance. 
The  caudal  spine  is  sickle -shaped;  post-abdomen  as  in  pulex;  antennae 
short;  the  animal  beautifully  clear  and  varigaied  by  the  brilliant  con- 
tents of  ovary,  eggs  and  intestine.  I  hesitate  to  regard  it  as  a  destinct 
species. 

Figure  15  represents  a  single  specimen  of  Daphnia  found  with  the 
above  which  was  somewhat  injured  during  its  moult.  This  resembles 
D,  apicata,  Kurz.  and  Z>.  peUucidoj  M tiller,  and  is  perhaps  the  male  of 
the  species  represented  by  fig.  16.  Our  knowledge  of  the  variations 
induced  by  environment  is  yet  too  meager  to  draw  up  definitions  of 
species  with  certainty  from  a  single  gathering,  but  these  forms  are  pe- 
culiarly interesting. 

See  also  the  accompanying  figure,  (fig.  4,;.  These  forms  merit  closer 
study. 
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Fig.  4.    Daphnia  longispina  (numbered  1)  etc. 
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sCAPHOLEBBEis,  Schodlcr. 

In  a  former  paper  S.  mucronata  was  reported  from  this  locality  with 
the  remark  that  only  the  unhorned  variety  seems  to  occur  here.  A 
rather  diligent  search  has  failed  to  find  var.  fronte  comuto,  though  our 
waters  have  been  carefully  searched  at  intervals  for  several  years  and 
at  different  seasons  Birge  quotes  only  this  variety.  However,  the 
species  is  not  common  and  the  other  form  may  yet  be  discovered. 
See  Fig.  5. 


16 
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Fig.  5.    Scapholeheris  mucronata. 
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-A  second  variety  or  species  has  been  found  which  differs  somewhat 
from  typical  tnucronaia,  but  does  not  appear  to  be  nctsuta  of  Birge.  Is 
not  the  latter  a  variety  simply? 

S^APHOLBBEBIS  ABM  ATA   Var.  ?  UOV. 

Length  ^  Jo  -  f  J i,  cm. ;  much  as  jS>.  mucronata  in  form;  but  the  spines  are 
greatly  elongated  in  old  as  well  as  young  individuals;  and  in  individuals 
having  winter  as  well  as  summer  eggs,  though  the  winter  form  seems 
to  have  longer  spines  which  are  nearly  equal  in  some  cases  to  the 
hight.  Antennas  are  short  and  transparent.  The  head  is  separated 
from  the  body  by  a  marked  depression;  but  is  curved  forward  so  that 
the  beak  lies  generally  between  the  valves.  The  antennules  are  of 
medium  size.  Nowhere  reticulate  ( ?)  nor  tuberculate.  The  shell  is 
marked  by  impressed  lines,  especially  anteriorly  and  below.  The  lower 
margin  is  straight  and  beaded  anteriorly,  but  toward  the  base  of  the 
mucro  are  several  long  bristles  which  stop  abruptly  and  are  followed  by 
a  few  very  weak  hairs.  The  post-abdomen  has  three  teeth  at  the  base 
of  the  claws,  which  are  smooth. 

This  variety  is  much  like  S.  tiasuta  of  Birge,  perhaps,  but  differs  per- 
ceptably  in  several  points.  Most  conspicuous  are  the  greatly  elongated 
spines  and  the  short  antennae.  This  variety  i^  about  as  large  as 
mucronata  but  less  than  nasuta. 


BOSMINIDJE. 

Genus  bosmina. 

First  antennae  many -jointed;  intestine  straight.  Sole  genus  of  the 
family,  and  one  which  Kurz  characterizes  as  **  one  of  the  most  difficult 
of  the  genera  of  Cladocera." 

There  are  three  species  known  in  the  United  States,  two  of  which 
are  found  from  the  Eastern  States  to  the  Mississippi  and  westward,  and 
are  identical  with  European  forms.     The  third  may  not  prove  distinct. 

BOSMINA   LOKGIROSTBIS. 

(Plate  X,  fig.  2.) 

Differs  from  the  following  in  having  the  terminal  claws  not  toothed, 
and  from  B,  striata  in  the  shorter  antennae  and  reticulate  shell. 
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BOSMINA  CORNUTA. 

(Plate  IX,  figs.  3-5.) 

gJo  cm.  long;  shell  reticulate  with  hexagonal  meshes;  antennae 
curbed  backward  and  outward  at  the  tip;  claws  with  several  teeth  near 
the  base.     In  embryonic  specimens  the  antennas  are  straight. 


BOSMINA  STBIATA,    Sp.    n. 

(Plate  IX,  fig.  1). 

iJ^o  <^™*  long;  shell  marked  with  anastomosing  longitudinal  striae; 
antennae  very  long;  frontal  seta  about  midway  between  eye  and  the 
sense -hairs  of  the  antennae :  posterior  inferior  angle  of  shell  spined  as 
in  the  previous  species. 

The  species  resembles  fl.  marititna  greatly."  The  members  of  this 
genus  have  been  little  studied  owing  to  their  small  size  and  compara- 
tive rarity,  andit  is  even  possible  that  some  of  the  species  will  prove 
invalid* 

All  three  of  the  above  species  were  found  in  one  gathering  from 
Lake  Minnetonka.  Only  one  other  locality  (for  B,  longirostris)  is  known 
to  me  in  this  State. 


LYNCODAPHNID.E. 


Genus  Macbothbix. 

Aside  from  M.  roseus  and  3/.  tentiicornis  (to  which,  perhaps,  ilf.  agiiis 
of  a  previous  report  may  be  referred)  a  single  species  of  macrothroid 
'Crustacean  was  collected  at  Lake  Minnetonka,  which  is  very  remarl^a- 
ble.  The  specimen  was  apparently  somewhat  injured  in  moulting,  and  it 
is  not  possible  to  tell  how  much  of  its  peculiar  shape  may  be  due  to  this 
fact,  but  some  of  its  characters  are  suflEicient  evidence  that  it  consti- 
tutes at  least  a  new  species. 

It  resembles  in  outline  Simocephalus  veiulus;  the  antennae  are  very 
narrow  and  curved  in  a  lateral  as  well  as  posterior  direction;  the 
second  or  swimming-antennae  are  long  as  in  other  members  of  the 
genus;  manda  nigra  present  but  small;  eye  small;  post-abdomen 
short,  triangular;  claws  pectinate;    a  dorsal  sucking-disc  is  present; 
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length  Z  cm.     For  this  species  the  name  macrothrix  pauper  is  pro 
visionally  oflFered.     (Plate  VIII,  fig.  1.) 


(Fig.  6.) 

macrothrix  tenuicornis,  kufz. 
(Fig.  6.) 

The  description  givenjby  Kurz  is  very  full  and  agrees  ver}'  well.  The 
peculiar  arrangement  of  the  movable  spines  at  the  margin  of  the 
valves  is  characteristic.  I  have  observed  that  this  species  forms  an 
ephtppium.  MuUer  says  destinctly  of  the  series  of  genera  including 
Macrothrix,  Drepanothnx,  Lathonura,  Bosmina,  Acantholebrit^  and 
Worry  plus,  *'  Testae  abject  ce  cor  ports  y  nullo  ephippioy  ova  hiberna 
obtegunt." 

Bosmina  is  little  related  to  the  Lyncodaphnidce  and,  however  it  may 
be  with  regard  to  other  species,  in  M.  tenuicornis  an  evident  ephippium 
is  formed  in  much  the  same  way  as  in  Ceriodaphnia,  In  Daphnia  this 
egg-cover  is  produced  by  an  alteration  of  part  of  the  inner  layer  of 
the  shell  which  becomes  turgid  and  secretes  a  thick  coating.  The 
ephippium  simply  extends  over  the  brood-cavity,  being  marked  oflF 
from  the  rest  of  the  shell  by  the  median  suture  of  the  valves.  In 
other  Daphnldce  and  in  Macrothrix  nearly  the  whole  of  the  valves  are 
thus  modified.  The  shell  of  M,  fenuiconiis  is  normally  smooth,  but  in 
the  ephippial    female,  that   portion  of  the  inner  layer  of  the  shell 
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bordering  the  egg-cavity  and  a  little  beyond,  is  composed  of  large  and 
very  deep  cells;  the  space  between  the  outer  and  inner  layers  is  much 
greater  than  in  Daphnia. 


Genus  lathonura. 

0 

Although  no  species  of  this  genus  has  been  found  in  Minnesota,  it 
is  to  be  expected  that  it  will  eventually  be  discovered  that  the 
cosmopolite  L.  rectlrostris,  Miill.  occurs  in  our  limits.  It  occurs  in 
Mass.  according  to  Birge.  The  figures  (Plate  VIII,  figs.  11-12) 
were  drawn  from  specimens  found  in  Leipzig,  Saxony,  illustrating  a 
tendency,  especially  common  in  the  Lyneodaphindcp,  to  abnormal 
growth  of  the  spinous  appendages — in  this  case  the  anal  setae. 


Genus  iliocryptus. 

A  genus  represented  by  a  single  European  species.  Our  form  may 
differ  somewhat  in  some  respects  from  the  generic  diagnosis,  but 
certainly  belongs  here.  There  are  no  anterior  coeca  (as  indeed  there 
are  probably  not  in  the  European  /.  sordidus  though  so  stated  by 
Miiller,)  and  no  permanent  coecum  or  dilation  of  the  intestine  before 
the  rectum.  The  marginal  spines  are  straight,  long  and  movable  with- 
out branches. 


ILIOCRYPTUS   SPINIFBR  Sp.  nOV. 

(Plate  VIII,  figs.  2-6.) 

Short;  depth  nearly  equaling  length  of  body  excluding  head;  rounded 
behind;  free  edges  of  valves  beset  with  slender  ciliate  spines  which  are 
not  branched;  antennse  exactly  as  those  of  /.  sordidus,  as  is  the  post- 
abdomen,  save  that  the  anus  seems  to  be  situated  higher;  ova  three  or 
more. 

This  species  occurs  in  Silver  lake,  east  of  Minneapolis.  It  swims 
quite  well,  while  of  the  European  species  it  is  said  this  is  not  the  case. 
It  does,  however,  frequently  load  itself  with  filth  so  as  to  be  too  heavy 
to  swim  freely. 
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LYiTCODAPHN-iA,  Gen.  u; 
(Plate  IX,  figs.  1-3.) 

Form  much  as  is  species  of  Alonella,  etc.,  truncate  behind;  superior 
antennae  like  Macrothrix,  attached  movably  to  the  end  of  a  blunt 
prominence  beneath  the  head;  second  or  swimming  antennae  slender; 
four-jointed  ramus  with  three  long  setae  at  the  end  of  terminal  joint 
where  is  also  a  stout  spine;  joint  following  the  basal  joint  also  with  a 
spine  above;  middle  joint  unarmed  (?);  three-jointed  ramus  as  in  Ma- 
•crothrix;  the  basal  segment  armed  with  a  much  elongated  seta;  eye  rel- 
atively small;  pigment  fleck  present;  intestine  twice-convoliUed,  ex- 
panded in  front  of  colon,  opening  in  the  **heer'  of  the  post-abdomen, 
post-abdomen  slender,  sub-triangular,  margined  behind  with  a  double 
series  of  spines;  terminal  claws  large,  straightish  and  furnished  with 
a  long  and  short  spine  near  the  base,  also  very  minutely  feathered  be- 
hind; shell  marked  alone  by  the  so-called  **stuzbalkein;**  lower  margin 
with  movable  spines. 

Few  more  interesting  forms  have  been  noticed  than  this,  since  it 
combines  the  characters  which  have  hitherto  been  considered  as  very 
clearly  forming  the  boundaries  of  distinct  families. 

Kurz  says,  (Dodekas  neuer  Cladoceren  nebst  einer  kurzen  Uebersicht  der 
Cladocerenfauna  B6kmens,  p.  30:)  "Keine  Cladocerenfamilie  bildet  eine 
so  streng  in  sich  abgegrenztes  natiirliches  ganze,  wie  eben  die  Lyn- 
ceiden,"  and  this  even  after  recognizing  the  relationship  of  Macrothrix 
and  Lithonura  to  the  Lynceids  by  placing  them  in  the  sub-family  Lyn- 
oodaphnuf".  The  form  for  which  I  propose  the  name  Lyncodaphnia  is 
quite  as  much  like  such  forms  as  Alona  and  related  Lynceids,  as  any 
species  of  the  Lyncodaphninas,  while  at  the  same  time  the  characters  of 
antennae  and  head  are  almost  identical  with  Macrothrix.  This  furnishes 
but  another  example  of  the  fact  that  possibility  of  distinguishing 
families  and  genera  lies  alone  in  the  meagerness  of  our  knowledge. 

LYNCODAPHNIA  MACKOTHROIDES,  Sp.  U. 

Form  sub-rectangular,  greatly  elongated;  length  ^Vo  ^^-y  hight 
1  5o  cm.  or  less;  first  antennae  long  and  slightly  curved,  bordered  be- 
hind by  about  ten  spines  and  terminating  in  two  unequal  sword-shaped 
spines  and  several  sense-hairs,  about  y^Jo  cm.  long;  swimming  an- 
tennae very  slender  as  in  Macrothrix^  iSo  cm.  long;  head  not  marked 
off  by  a  depression  from  the  body,  small  and  extending  below  into  a 
blunt  elevation  for  attachment  of  antennae;  labrum  rather  large;  eye 
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small;  macula  nigra  conspicuous  but  not  large;  anterior  feet  strongly 
armed  with  curved  spines.  The  intestine  anteriorly  is  furnished  with 
coeca,  is  twice  convoluted,  broadened  before  entering  the  rectum  and 
opens  a  little  distance  beyond  the  oval  seta  in  the  heel  of  the  poet-ab- 
domen; post-abdomen  rather  slender,  toothed  behind  with  a  doable 
series  of  about  twelve  prominences,  becoming  distally  sharp,  strong 
teeth;  terminal  claws  curved  at  the  end  only,  pectinate  and  bearing 
two  unequal  but  large  processes  near  the  base;  eggs  much  like  those 
of  Macrothrix. 
Occurs  in  Lake  Minnetonka,  Hennepin  Co.,  Minnesota,  rare. 


LYNCEIDJE. 

But  few  of  this  large  family,  furnishing  the  majority  of  the  Clado. 
cera  fauna  of  any  locality  and  at  any  time  of  year,  have  been  carefully 
studied  here.      The  following  are  mentioned  as  of  particular  interest : 


8UB-FAMILY  EURYCERCIN^. 

The  single  species  Eurycercus  lamellatus  which  constitutes  this  sub- 
family has  been  mentioned  and  figured  in  a  previous  paper.  It  is  quite 
abundant  and  constant. 

Eurycercus  is  connected  with  the  true  Lynceids  by  the  following 
genus  which  has  quite  as  many  affinities  with  Eurycercus  as  any  Lyn- 
ceid.  Schddler  seems  to  be  the  onlv  writer  who  has  laid  sufficient 
stress  upon  this  similarity,  though  it  may  not  be  best  to  unite  the  two 
forms  as  he  did. 

Genus  Leydigia,  Kurz. 

LEYDIGIA   QUADRANGULARIS,    Lcydig. 

(Plate  VIII,  7-8.) 

The  Minnesota  species  is  referred  to  L,  quadrangularis  under  the  be- 
lief that  there  is  no  specific  distinction  between  that  species  and  L^ 
acanthoceroide8j  Fischer. 

Our  form  does  not  agree  in  every  particular  with  the  very  minute 
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description  of  Kurz  and  does  agree  very  well  w  th  what  is  said  of  L. 
acarUhocercoides.  However,  Kurz  says  of  the  latter  species,  **Diese  Art 
is  von  der  vorangehenden  (L.  acanthocercoides)  im  weiblichen  Gesch- 
lecht  schwierig  zu  unterscheiden,"  and  immediately  adds  that  the  male 
is  unknown  to  him.*  In  P.  E.  Miiller's  time  both  males  were 
unknown.  Miiller  says  of  acanthocercoides^  "ungues  caudales 
inermes,*'  of  quadrangular^,  "ungues  caudales  denteminuto."  Kurz  on 
the  other  hand  says  of  the  former,  "der  Basaldorn  ist  kurz,"  of  the 
latter  "die  Endklauen  haben  keinen  Basaldorn.'* 

Our  species  has  no  spine  on  the  claws,  and  has  a  small  spine  on  an 
eminence  on  the  dorsal  part  of  the  abdomen,  as  well  as  two  ciliated 
prominences  between    it  and  the  oval  setae;  length  ^\  cm.;  color  red. 

Silver  Lake,  east  of  Minneapolis. 

CAMPTOCEBCUS  MACBOUEUS. 

(Plate  X,  fig.  9.) 

This  large  species  occurs  rather  sparingly  at  Lake  Minnetonka.  It 
is  probably  .widely  distributed  in  America  as  well  as  Europe.  It  is 
known  in  Cambridge,  Mass.  and  Madison,  Wis.     (Birge). 


CAMPTOCEBCUS   B0TUKDU8,    Sp.   nOV. 

(Plate  VIII,  figs.  9-10.) 

Short,  quadrangular,  dorsally  nearly  uniformly  arched;  antennae  of 
first  pair  long,  curved  outward,  with  long  terminal  bristles;  abdomen 
long,  nearly  uniform  in  width;  teeth  of  post- abdomen  few,  inconspicu- 
ous; terminal  claw  nearly  straight;  basal  spine  large ;  the  claw  also  has 
a  series  of  spines  beginning  a  little  beyond  the  middle  and  shortening 
proximally;  length  jJq  cm.  This  resembles  C.  rectirostris,  Schodler,  a 
little  in  outline  of  body  but  the  head  is  like  C.  macrourus,  except  that 
there  is  a  slight  beak  directed  anteriorly  (not  shown  in  the  figure);  the 
post-abdomen  is  much  as  in  C.  macrourus,'  but  is  less  heavily  spined. 
In  size  it  is  somewhat  less  than  C  Ulljeborgii,  and  the  shortest  species 
known  to  me. 

ACBOPEBUS  sp  ? 

(Plate  X,  fig.  10.) 

Resembles  Camptocercus  macrourus  greatly.  Are  these  two  genera 
really  distinct? 
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PLBUROXis  PROCURVUS,  Birge. 
(Plate  X,  fig.  6  ) 

Very   characteristic.     Found   in   Shady   Oak   lake,    and  elsewhere 
abundant. 


PLEUROXis  UNiDENS,  Birge. 

A  species  which  agrees  best  with  this  is  quite  abundant.  It  is,  how- 
ever, always  of  a  deep  brownish  color,  and  the  beak  is  long  and  curved 
inward;  it  may  be  distinct. 

A  third  form  of  Pleuroxis,  probably  P,  denticulatus,  Birge,  is  abund- 
ant also. 


URAPTOLEBRIS    INERMIS,  Birge. 

(Plate  X,  figs.  8,  11-12.) 

Resembles^  (Zona  testudinaria  very  closely;  the  antennae  are  peculiar; 
each  joint  has  a  median  circlet  of  fine  bristles;  the  upper  ramus  is  ter- 
minated by  two  long  setsB,  one  shorter  seta  and  a  stout  spine;  the  joint 
preceding  the  terminal  one  has  a  stout  seta.  The  description  given 
by  Birge  is  otherwise  complete.     Lake  Minnetonka. 


CREPID0CERCU8  SETIQER,  Birge. 

This  is  exceedingly  rare,  and  by  reason  of  its  small  size,  difficult  to 
distinguish.  It  has  been  encountered  but  once  in  Minnesota.  This 
species  is  easily  recognized  when  found,  and  though  our  specimens 
differ  a  little  from  the  figure  given  by  Birge,  they  are  doubtless  the 
same. 

ALONA    OBLONGA,  P.  E.  Miillcr. 

The  specimens  examined  differ  somewhat  from  Miiller's  description. 
The  caudal  claw  is  pectinate ;  the  spine  at  its  base  is  large  and  covered 
with  a  tuft  of  hairs;  the  teeth  of  post-abdomen  are  large,  emarginate 
and  hairy;  otherwise  the  agreement  is  very  close;  length  .07  cm^ 
Found  in  Grass  Lake,  Richfield. 
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TRIBE  III    ONYCHOPODA. 

POLYPHEMID^. 

POLYPHEMUS    PEDICULUS. 

(Plate  IX,  figs.  4-6.) 

Bibliography, 

Monoculus  pediculus,  LinnceuSj  1746. 
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I  have  collected  from  various  sources  what  I  could  of  the  extensive 
bibliography  of  this,  the  sole  species  of  the  genus.  One  of  the  most 
characteristic  and  pleasing  figures  given  is  that  of  Weismanu  in  his 
article  on  the  ^'  Schmuckfarben  der  Daphnoiden,"  though  we  believe 
that  author  in  the  wrong  in  the  deductions  made.  Our  specimens  rarely 
approach  the  brilliancy  of  the  plate,  and  there  seems  to  be  a  more  le- 
gitimate way  9f  explaining  these  secondary  colors  than  by  sexual 
selection.  This  species  is  never  abundant,  nor  is  it  very  rare ;  found 
in  Lake  Minnetonka,  and  the  larger  lakes  with  their  outlets. 


Ill  On  Noiadrmnas  and  Cambaius.  ^ 

CYPRIDJE. 

This  group  is  one  of  the  most  difficult  and  ijerhaps  least  studied.  A 
number  of  species  some  of  which,  perhaps  most,  are  new,  occur  in  Min- 
nesota, and  among  them  is  a  Cypris  which  exceeds  any  described  form 
in  size.     I  only  mention  one  genus  which  is  cosmopolitan. 

notjlDROmas,  Lilljeborg. 

Carapace  differing  in  male  and  female;  eyes  two;  antennae  similar  to 
those  of  Cypris f  the  superior  having  seven  and  the  inferior  six  joints; 
setae  of  inferior  antennas  reaching  beyond  the  apex  of  the  terminal 
claws;  second  pair  of  jaws  without  a  branched  appendage,  in  the  male 
pediform;  abdominal  rami  rather  long. 

NOTADROMAS   MONACHUS,  Miiller. 

Bibliography. 

Cypris  monacha,  MuUeVy  Latreille,  Bosc,  Demorest,  BuHnL  Edwards. 

Monoculus  monachus,  Gmelin,  Manuel.  Fabricius,  Jiees,  Jurine. 

Notodromas  monachus,  Lilljeborg^  De  Crust,  ex  ord.  trib. 
Brady,  British  Ostracoda. 

Females  of  this  widely  distributed  species  were  collected  near  Min. 
neapolis,  presenting  in  as  far  as  could  be  seen  no  material  points  of  dis- 
tinction from  English  types. 


Digitized  by  VjOOQIC 


STATE    aEOLOGIST.  253 

DECAPODA. 

But  two  species  of  Camharus,  C.  virilis.  Hagen,  and  C.  signifer^ 
occur  in  Hennepin  county,  except,  perhaps,  in  the  Mississippi.  The 
following  localities  for  the  former  species  are  known  in  the  State: 
Mississippi  river,  Minnehaha  creek,  Bassett's  creek,  Cedar  lake.  Lake 
Minnetonka,  Lake  Independence,  Lake  Superior. 

It  is  possible  to  recognize  three  age-forms  in  the  males  of  this  species. 

A.  The  immature  male  (11  Form,  Hagen).  Reaching  two  to  three 
inches  in  length,  this  stage  has  the  chelae  proportionally  smaller,  and 
the  spinous  armature  less  developed;  the  first  abdominal  foot  is  simply 
bifid  at  the  end. 

B.  (Form  I  of  Hagen,)  usually  over  two  and  one-half  inches  long; 
chelae  larger;  branches  of  abdominal  foot  destinct;  inner  branch 
grooved  but  lance -linear. 

C.  Very  large  (four  inches);  inner  branch  of  abdominal  foot  spatu' 
late  at  end;  the  two  rows  of  tubercles  on  the  inner  margin  of  the 
"  hand  "  with  six  or  seven  in  a  row  instead  of  five. 

Male  of  Form  II,  A  stage,  2i  in.  long,  Chela.  7  in.,  thumb  .49  in. 

"      I,  B  stage,  2*  in.  long,      "      1  in.,       **       .6  in. 

'*      I,  C  stage,  4    in.  long,      "    1.8  in.,      "     1.1  in. 

"  II,  A  stage,  3  in.  long,  **  1.2  in.,  "  .75  in. 
It  will  be  seen  from  the  above  that  size  does  not  govern  the  transi- 
tion from  the  first  to  the  second  form  entirely.  This  differs  either  in 
different  localities  or  at  different  seasons  of  the  year.  A  large  gather- 
ing from  Cedar  lake  showed  no  specimens  of  the  form  I,  while  a 
similar  gathering  at  Lake  Independence  contained  but  one  of  the  form 
II.  A  male  from  Minnehaha  creek  had  rudiments  of  -a  third  tooth  on 
the  carpus  of  the  left  claw,  thus  indicating  an  approach  to  Hagen's 
Var  A. 

CAMBARUS  SIGl^IFER  Sp.  nOV. 

(Fig.  7.) 

A  slender,  graceful  species  of  ralher  marked  colors,  belonging  to  the 
section  having  a  hook  on  the  third  pair  of  legrs  but  not  on  the  fourth. 
The  rostrum  is  not  carinated  nor  toothed  at  the  apex;  acumen  moder- 
ate, lateral  borders  curved,  moderately  excavated.  Cephalothorax 
arched  and  not  depressed  above,  densely  punctate;  areola  linear; 
chelae  slender,  straight;  thumb  deeply  excavated  on  the  inner  margin 
for  the  proximal  one-third;  opposite  finger  with  an  impressed  groove  on 
the  inner  but  not  on  the  outer  margin. 
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Male,  I  Form.  Color  reddish -(crimson)  brown,  not  obviously  fig- 
ured; tail  lighter;  fin  chestnut,  marked  with  gray:  chelae  bright  crim' 
son  below  there  are  green  markings  on  the  body  and  legs,  and  some 
yellow  below. 

The  hands  are  rather  narrow  and  straight,  while  the  "thumb''  is 
deeply  excavated  for  one-third  its  length,  and  the  notch  thus  formed  is 
armed  with  three  or  four  teeth;  the  finger  opposite  has  a  tooth  half 
way  from  the  apex,  and  others  near  the  base;  the  ange  at  base  of  thumb 
is  densely  hairy.  The  penultimate  and  previous  joint  of  second  foot 
bears  a  very  dense  and  thick  tuft  of  hairs  on  the  inner  margin  which  it 
particul&rly  noticeable  in  living  specimens.  The  antennae  are  short 
about  as  long  as  the  thorax  when  reflexed. 

The  first  pair  of  abdominal  feet  resemble  those  of  C  virilis  some- 
what, but  are  stouter  and  less  divided.  They  are  more  strongly  curved 
than  in  C.  propinquus. 

The  laminae  of  antennae  are  much  as  in  C.  troglodytes  but  wider  at 
the  base. 

The  second  form  has  the  two  branches  of  the  abdominal  foot  united 
almost  to  the  end.  The  young  males  have  the  chelae  greenish-blue  and 
mottled,  while  the  coloration  of  the  body  is  like  the  females. 

The  females  have  shorter  chelae,  and  broader  abdomen  marked  with 
chestnut  bars  on  each  segment  above. 

A  male  3.3  in.  long  was  still  in  form  II,  while  another  3.2  in.  long 
was  in  the  form  I.  Found  by  hundreds  in  a  shallow  pool  known  as 
Grass  Lake,  in  Richfield,  Hen.  Co. 


Fig.  7. 
Cambarus  stgnifer. 
a  chela,     b  lamina  of  antenna,     c  rostrum, 
form  II.     e  abdominal  foot  of  form  I. 


d  abdominal  foot  of 
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PUBLICATIONS  OF  THE  GEOLOGICAL  AND  NATURAL 
HISTORY  SURVEY  OF  MINNESOTA. 


i.    anncal  reports. 

The  First  Annual  Report  of  the  Geological  and  Natuhal  History  Survey 
OF  Minnesota,  for  the  year  1872.  8vo.  112  pp  ,  with  a  colored  ge  'logical  map 
of  the  State.  By  N.  H.  WtncheU.  Published  in  the  Regents'  Report  for  lb72. 
Out  of  print. 

The  Second  Annual  Ricport  on  the  Geological  and  Natural  History  Survey 
of  the  St'Ate,  for  the  year  1873.  By  N,  II.  Winchell  and  S  F.  Peckliam. 
Regents'  Report;   148  pp.  8vo.,  with  illustrations. 

The  Third  Annual  Report  on  the  Grolooical  and  Natural  History  Survey 
of  Minnesota,  for  the  year  1«74.  41  pp.  8vo.,  with  two  county  maps.  By 
If.  H.  Wtnehell.    Published  in  the  Regents'  Report  fi*  1874. 

The  Fourth  Annoal  Report  on  the  Geological  and  Natural  Iiistory  Survey 
of  Minnesota,  for  the  year  1875.  162  pp.  8vo.;  with  four  county  maps  and  a 
number  of  other  illustrations.  By  If.  H.  WincJiell,  assisted  by  M.  W.  Harrington 
Also  published  in  the  Regents'  Report  for  1875. 

Thk  Fifth  Annual  Report  on  the  Geological  and  Natural  History  Survey 
OF  Minnesota,  for  the  year  1876.  8vo.  248  pp  ;  four  colored  maps  and  several 
other  illustrations  By  N.  H.  Winchell.  Also  published  in  the  Regents'  Report 
for  1876,  with  Reports  on  Chemistry  by  S.  F.  PeckJuiin,  Ornithology  by  P.  L, 
Batch,  Entomology  by  Allen  Whitman,  and  on  Fungi  by  A.  tJ.  Johnson. 

The  Sixth  Annual  Report  on  the  Geological  and  Natural  History  Survey, 
FOR  the  yeah  1877.  Three  geological  maps  and  several  other  illustrations. 
226  pp.  Bvo.  By  N.  H  Winchell,  with  Reports  on  Chemical  Analyses  by  Prof, 
Peekham,  on  Ornithology  by  P.  L.  Hatch,  on  Entomology  by  Allen  Whitman,  and 
on  Geology  of  Rice  County  by  L.  B.  Sperry.  Also  published  in  the  Regents' 
Report  for  1877. 

The  Seventh  Annual  Report  on  the  Geological  and  Natural  History 
Survey  of  Minnesota,  for  the  year  1878.  With  twenty-one  plates.  123  pp. 
,8vo.,  by  N,  H.  Winchell,  with  a  Field  Report  by  C.  W.  Hall,  Chemical  Analyses 
by  S.  F.  Peekham,  Ornithology  by  P.  L.  Hatch,  a  list  of  the  Plants  of  the  north 
shore  of  Lake  Superior  by  B.  Juni,  and  an  Appendix  by  C.  L.  Herrick  on  the 
Microscopic  Entomostraca  of  Minnesota.  Also  published  in  the  Regents'  Re- 
port for  1878. 
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The  Eighth  Annual  Report  on  thb  Geological  and  Natural  History  Survet 
OP  Minnesota,  for  the  year  1879.  178  pp.  8vo.  One  plate  of  Castoroides. 
By  N.  H.  Winehdly  containing  a  statement  of  the  methods  of  Microscopic 
Lithology,  a  discussion  of  the  Cupriferous  Series  in  Minnesota,  descriptions  of 
new  species  of  brachiopods  from  the  Trenton  and  Hudson  River  formations ;  the 
Geology  of  Central  and  Western  Minnesota,  by  Warren  Upkam;  report  on  the 
Lake  Superior  region  by  C.  W.  Hall ;  lists  of  Birds  and  of  Plants  from  Lake 
Superior  by  TTionian  S.  Roberts ;  Chemical  Analyses  by  8.  F.  Peckham ;  Report 
by  P.  L.  Hatch;  and  four  Appendixes.  Also  in  the  Regents*  Report  for  1879 
and  '80 

The  Ninth  Annual  Report  of  the  Survey  for  the  year  1880.  Three  ap- 
pendixes, two  wood  cut  illustrations,  and  six  plates.  8vo.  392  pp.,  by  N.  II. 
WtneheUy  containing  field  descriptions  of  442  crystalline  rock  samples,  with 
notes  on  their  geological  relations,  from  the  northern  part  of  the  Stale;  new 
brachiopoda;  the  water  supply  of  the  Red  River  Valley,  with  simple  tests  of  the 
qualities  of  water ;  Reports  on  the  Upper  Mississippi  Region  by  0.  E.  Garrison, 
on  the  Hydrology  of  Minnesota  by  C.  M.  Terry;  on  the  Glacial  Drift  and  its  Ter- 
minal Moramis  by  Warren  UpJiam  ;  chemical  analysis  by  J.  A.  Dodge;  a  list  of 
the  Birds  of  Minnesota  by  P.  L.  Hatch,  and  of  the  Winter  Birds  by  Thomas  S. 
Roberts.    Also  in  the  Regents'  Report  for  1879  and  1880. 

II.    miscellaneous  publications 

1.  Circular  No.  1.  A  copy  of  the  law  ordering  the  survey,  and  a  note  asking 
the  CO  operation  of  citizens  and  others     1872. 

2.  Peat  for  Domestic^ukl.    1874.    Edited  by  S.  F.  Peekluim 

3.  Refort  on  the  Salt  Spring  Lands  due  the  State  of  3Iinne80Ta.  A  historj 
of  all  official  transactions  relating  to  them,  and  a  statement  of  their  amount  and 
location.     1874.    By  N.  H  WincheU, 

4.  A  Catalogue  op  the  Plants  ok  Minnesota;  prepared  in  1866  by  2>r.  I.  A.. 
LapJiam,  contributed  to  the  Geological  and  Natural  History  Survey  of  Minnne- 
sota,  and  published  by  the  State  Horticultural  Society  in  1875. 

5.  Circular  No.  2.  Relating  to  Botany,  and'  giving  general  directions  for  col- 
lecting information  on  the  flora  of  the  btate.     1876. 

6.  Circular  No.  3.    The  establishment  and  organization  of  the  Museum.     1877- 

7.  Circular  No.  7.    lielating  to  duplicates  in  the  Museum  and  exchanges.    1878. 

8.  The  Building  Stonbs,  Limes,  Clays,  Cements,  Roofing,  Flagging,  Ai»^r> 
Paving,  St.  nes  of  Minnesota.    A  special  report  by  N.  H.  Winehell,  1880. 

9.  Circular  No.  6.  To  Builders  and  Quarrymcn  Relating  to  the  collection  o^ 
two-inch  cubes  of  building  stones  for  physical  tests  of  strength,  and  for  clienii- 
cal  examination,  and  samples  of  clay  and  brick  for  the  General  Museum.       1880 

10.  Circular  No.  6.  To  owners  of  mills  and  unimproved  water  powers.  Re~ 
lating  to  the  Hydrology  and  water-powers  of  Minnesota.    1880. 
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Page  42.  Third  line— for  satothtOhy  read  Sawteeth. 

56.  Twelfth  line— for  tubes,  read  talus. 

66.  Twenty- third  line — for  tract,  read  trail. 

67.  Seventeenth  line— for  v&in,  read  rim. 
89.  Twelfth  line—for  land,  read  hand. 

99.  Twenty-fourth  line — for  Merabi,  read  Mesabi. 

119.  Twenty-ninth  line — after  trUcbiU,  add  a  foot  note,  as  follows  :  *Cbiu>> 
cepTuUites  minor  8hu.f 

133.  Twenty-sixth  Yiue^ioimsor^picwms^  read  calciferous. 

134.  Pifthline  from  the  bottom — for  Sendrogroptys,  read  Dmdrograptus 
147.  Twenty-sixth  line— for  oppressed,  read  appressed. 

176.  Sixth  line— after  p.  417,  add  in  1871.  * 

187.  Thirtieth  line— for  haw,  read  has. 

191.  Eleventh  line— for  steepry,  read  steeply. 

239.  Fifteenth  line — for  apioaia,  read  spieata. 
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PLATE  III, 

Sketch  Map  of  Isle  Koyale. 

Tp  illuHraU  natst  an  the  Oeology  by  If.  H.  WinehsU  in  1879. 
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PLATE  I. 

Diaptomtts  eattor. 

[  1.    Male,  antennae  not  yet  fully  developed,  showing  shell,  gland,  heart,  reproduct- 
ive, alimentary  and  muscular  systems. 
2.    Female,  antennae  and  appendages  removed  except  fifth  feet. 
3  and  4.    Nauplius  stage. 

5.  Male  foot  of  fifth  pair,  (a)  **  thumb  "  of  larger  branch. 

6.  Female  foot^of  fifth  pair. 

7.  Mouth  parts  etc. 
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PLATE  II. 


1.    End  of  male  antennae. 


Diaptamut  etutor. 

2.    End  of  abdomen. 
DiapUnMU  gigantmu. 

8.    Antennule. 
Male  fifth  foot. 
Female  fifth  foot. 
Spermatic  tube. 


9. 
10. 
11. 


3.  Caudal  stylet. 

4.  One  pair  of  feet. 

5.  Maxilliped. 

6.  Maxilla. 

7.  Mandible  and  palp. 

Potomoichetor  fucMMM. 

12.  Female  fifth  foot. 

13.  Female  abdomen  and  egg-sac. 

14.  Abdomen  of  young. 

15.  First  foot  of  DtoptofntM  giganimut  one  branch  drawn  reverte. 
1«.  "  "  eattar,  "  ** 
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PLATE  m. 

1. 

Male. 

6.    Palp  of  mandible. 

2. 

Antennule. 

6.    End  of  abdomen. 

a 

Maxillipcd. 

7.    .Feet  of  first  pair. 

4. 

Male  fifth  pair  of  feet. 

8.    Eye. 
Oifdopi  aier. 

9. 

Female 

12.     Antenna. 

10. 

Abdomen. 

13.    Maxilla  of  PoUnnoichstor  fueoius 

11. 

Maziliiped 

14.    Mandible  of 
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GeclANatEistSur.  Jiimt, 
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PLATE  IV. 
Cydopi  ingeiu. 

1.  First  segment  of  abdomen  of  female.  5.  Stylets  of  mature  female. 

2.  Antenna.  6.  "        young  male. 

3.  Fifth  foot.  7.  Maxilliped. 

4.  Antenna  of  young  male.  8.  Mandible. 

9.    Cydopt  orauieornis,  Female. 
10.    Antenna.  13.    Second  antenna. 

II     Terminal  portion  of  abdomen.  14.     Nauplius  form. 

12.     Female  fifth  foot. 
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PLATE  V. 

Gydopi  serrulatus, 

1.  Female.  4.    Antenna  of  very  young. 

2.  Antenna  of  elongated  form.  5.    Stylet  of  elongated  form. 

3.  Stylet  of  ordinary  form. 

6.    Gydops  namUf  antenna. 

7.  Furca.  11.     Fifth  foot. 

8.  Abdomen  of  young.  12.    Antenna  of  young. 

9.  Abdomen  of  male.  13.  *'  male. 
10     Opening  of  spermatophore. 

14     C.  "  ngnatus,"  maxilliped. 

15.  O.  natmSf  swimming  foot  of  first  pair. 

16.  **  *•  "         second  pair. 

17.  Maxillipeds. 
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PLATE  VI. 

Cydopt  ienuicarnif. 

1. 

2. 
3. 
4. 

Female. 
Mandible 
Maxilla?. 
Btylet. 

5.  Fifth  foot. 

6.  Maxillipeds. 

7.  Antennule. 

8. 
9. 

Abdomen. 
Antenna. 

0.  **tigna(w.'' 

10.  Fifth  foot. 

11.  Male  antenna. 

12. 

Abdomen. 

Oyclopt  parmu. 

13. 

Antenna 

1  . 

Fifth  foot. 

16. 
16. 
17. 
IS. 

Opening  of  spermatophon 

Abdomen. 

Foot. 

Female  antenna. 

19.  Eye. 

20.  M«le  antenna. 

21.    End  of  antenna  of  a  form  of  0. 

*  9ignaitii.'' 
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PLATE  VII. 

1-9.    Cydops  flufiicditis. 
3.    Antenna  of  young.       4.     Abdomen  of  young.        10.    Young  of  G.  $errulaM». 

11.  DaphneUa  brachpura,  female.  14.     End  of  male  abdomen. 

12.  **  «*  male.  15.    Ead  of  female  abdomen. 

13.  Part  of  edge  of  valves.  16.    Antenna  of  male. 
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PLATE  VIII. 

1.        Maerothrix  pauper,  9-10.  Camptoeercus  nduAdus. 

2-6.    IlioeryptuM  spinifer .  11-12.  Lathontira  rectirastris. 

7-8.     Leydi'gia  guadrangularu 
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PLATE  IX. 
i-3.     Lyncodaphnia  macrothroides.  4-6.     Polyphemus  pedicalub 
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GeoLANatmstSur.  Mmv. 
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PLATE  X. 

1.  Botmina  striata.  8.         OraptoUbris  inertnis. 

2.  •*        longiTQSlrU.  10.        Acroperus  ifpf 

3-5.  "        eornuta.  11-12.  Graptolebris  trurmis. 

6-7.    PlewroxiB  proeurvaitu. 
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PLATE  XI. 


1.  Limnelesspt  male. 

2.  First  foot  of  male. 

3.  Antenna. 

4.  Mandible. 
.1.  Maxilla. 

6.  Mandibler  teeth. 

7.  Caudal  appendages  of  female. 

8.  Head,  labrum  etc.,  of  female. 


9.  Antenna  (2d)  of  female. 

10.  Foot  of  female. 

11.  Exterior  of  whole  animal  from  in  front. 

12.  Modified  (sexually)  foot  of  female. 

13.  End  of  process  of  same. 

14.  Magnified  spines  of  lateral  limbs  of  same. 

15.  Daphni  sp.  ? 

16.  Daphni  sp.  ? 
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GofLANaHmstSuif.  Minn, 
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The  Eleventh  annual  Report, 

FOR  THE  YEAR  1882. 


N.  H.  WINCHELL,  STATE  Geologist. - 
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ADDRESS. 


To  the  President  of  the  University: 

'I  present  herewi*ih  the  eleventh  annual  report  on  the  progress 
of  the  geological   and  natural  history  survey  of  the  state.     In 
the  year  1882  the  only  field-work  done  was  that  performed  by  my- 
self in  the  counties  of  Winona,  Wabasha  and  Dakota,  and  the  re- 
port thereon  will  be  included  in  the  first  volume  of  the  final  report, 
now  in  press.    The  accompanying  report  embraces  important  mat- 
ters coming  within  the  purview  of  the  survey  in  the  northern  part 
■of  the  state,  that  have  as  yet  only  partially  been  worked  up,  and 
hence  does  not  really  embody  the  work  of  the  year  in  full,  a  con- 
siderable portion  of  which  has  been  devoted  to  maps  and  manu- 
scripts on  the  southern  and  western  counties. 
Respectfully  submitted, 

N.  H.  WINCHELL, 

state  geologist  and  curator  of  the  general  mtueum. 

May  21,  1883.    . 
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REPORT. 


\ 


THE  MINERALOGY  OF  MINNESOTA. 

\.K  report  read  before  the  Minnesota  Academy  of  Natural  Sciences,  October,  1882.1 

By  N.  II.  WINCHELL. 


Duriag  the  year  no  special  effort  has  beeu  made  to  further  a 
knowledge  of  the  mineralogy  of  ttie  state  by  this  committee.  But 
some  advance  has  been  made  by  the  publication  of  work  that  had 
been  done  before  by  others.  The  committee  has  not  had  any  meet- 
ings. This  is  partly  due  to  the  absence  of  the  chairman,  and  partly 
to  his  neglect  when  not  absent.  The  section  consists  of  N.  H.  Win- 
<5hell,  T.  B.  Walker,  A.  P.  Elliot,  C.  W.  Hall,  J.  A.  Dodge,  A.  H. 
Pearson,  N.  Butler,  R.  J.  Baldwin  and  M.  A.  Morey. 

In  the  inception  of  any  systematic  and  thorough  work  on  the 
mineralogy  of  Minnesota  it  is  obvious  that  the  first  thing  to  do  is 
to  find  out  what  has  been  done  already.  It  is  the  object  of  this 
paper  to  accomplish  that  for  the  Academy.  In  other  words  this 
paper  begins  ^^ith  a  reference  to  publications  on  the  minerals  of 
the  state  so  far  as  they  can  now  be  asdrtained  —  a  kind  of 
hibliography  of  the  mineralogy  of  Minnesota  —  and  ends  with  an 
enumeration  of  such  minerals  as  are  known  to  occur  in  the  state, 
4ind  a  statement  of  their  localities,  with  notes  on  their  characters 
and  peculiarities. 

151505 
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Bibliography  of  the  mineralogy  of  Minnesota. 

The  earliest  mention  of  any  minerals  in  Minnesota  is  to  be- 
found  in  the  Relations  of  the  Jesuit  missionaries.  The  pious  and 
yenturesome  fathers  occasionally  mention  metallic  copper  in  pos- 
session of  the  Indians,  and  in  some  cases  attempt  to  give  some  idea, 
of  the  whereabouts  of  the  mines  from  which  it  was  obtained,  but 
thtir  statements  are  of  little  scientific  value.  La  Harpe's  "History 
of  Louisiana'*  mentions  that  Le  Sueur  saw  a  large  mass  of  nati Yd 
copper  near  the  mouth  of  a  small  lake  at  a  point  four  leagues 
above  the  mouth  of  the  St.  Croix  river.  One  of  the  early  maps  lo- 
cates a  coal  mine  on  the  Minnesota  river  some  distance  above  its 
mouth.  Le  Sueur's  fanciful  copp<»r-mining  took  place  in  1700  and 
1701  and  was  located  at  fort  L'Huillier,  near  the  mouth  of  the 
Blue  Earth  river.  Carver  i*^  his  "Travels"  first  alludes  to  the 
"red  marble,"  of  which  the  Indians  made  their  calumets,  now 
known  as  catlinite^  and  to  various  black,  white  and  blue  clays 
found  in  the  same  part  of  Minnesota. 

Prof.  Wm.  Keating,  however,  in  1823  seems  to  have  been  the 
first  to  have  identified  any  minerals  by  recognized  and  accepted 
scientific  terms  within  the  limits  of  Minnesota,  This  was  during 
his  expedition  with  major  Stephen  H.  Long  to  the  "source  of  the 
St.  Peter's  river  and  to  lake  Winnipeek,"  wherein  he  acted  as  ge- 
ologist, mineralogist  and  general  chronicler.  It  is  true  that  major 
Long  in  1817  in  his  narrative  of  a  "Voyage  in  a  six-oared  skiflF  ta 
the  falls  of  St.  Anthony"  had  enumerated  sundry  brilliant  pebbles 
which  he  had  gathered  on  the  summit  of  Gwinn's  bluff,  in  Wi- 
nona county,  saying  they  consisted  of  ^'crystals  of  iron  ore^  siliceous 
crystallizations  beautifully  tinged  with  iron,  some  of  them  purple, 
others  reddish,  yellow,  white  etc.,  crusts  of  sandstone  strongly 
cemented  vith  iron,  and  I  think  set  with  solid  crystals  of  quartz;^^ 
and  again  at  a  point  a  few  miles  below  the  mouth  of  the  St.  Croix 
he  mentions  a  bluff  which  he  ascended  on  the  slopes  of  which  he 
observed  a  variety  of  pebbles  and  stones  amongst  which  were  the 
agate  of  various  hues,  chalcedony^  flinty  sermntine^  ruby  and  rock 
crystals^  etc.;  but  as  major  Long  was  not  a  mineralogist  while 
Keating  was,  it  will  dfi  Long  no  injustice  to  accredit  the  first  ac- 
curate mineralogical  observations  to  Keating. 

His  first  observations  were  on  the  sands  that  compose  the  banks 
of  the  Mississippi  below  St.  Paul  (vol.  1,  p.  304).  He  remarks 
that  in  these  sands  sometimes  are  found  "carnelians,  agates,  jas- 
pers, etc.,  which  present  characteristics  analogous  to  those  observed 
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on  the  Rhine  below  Oberstein,  and  in  Scotland  where  they  are 
distinguished  by  the  name  of  Scotch  pebbles." 

*  *  *  *  ''In  one  or  two  instances  while  examining  the  sand 
with  a  miscroscope,  a  white  transparent  topaz  with  its  dihedral 
summit,  could  be  well  made  out." 

At  the  mouth  of  the  Redwood  river,  Keating  enumerates  jwarf^J, 
feldspar^  mica  and  amphibole^  and  dwells  on  the  great  variety  of 
combinations  which  they  assume  in«  the  primitive  rocks  there  in 
situ.  At  the  lake  of  the  Woods  he  mentions  iron  pyrites  and 
veins  of  quartz;  and  on  the  authority  of  Dr.  Bigsby,  staurolite  is 
said  to  occur  in  the  slates  of  Rainy  Lake  river. 

Mr.  Featherstonhaugh  mentions  oalena  not  far  from  Red  Wing; 
salt  springs  east  of  the  Pembina  hills;  and  bituminous  coal  at  lake 
Traverse. 

Mr.  George  Catlin,  whose  work  on  Indian  costumes  and  manners 
is  well  known,  visited  the  famed  red  pipestone  quarry  in  1836,  and 
was  the  first  to  procure  and  bring  away  for  chemical  examination 
a  piece  of  the  pipestone.  This  he  submitted  to  Prof  C.  T.  Jackson, 
of  Boston,  who  gave  it  the  name  of  catlinite^  though  Gen.  H.  H. 
Sibley  insists  that  the  Indian  name  (e-yan-shah)  should  be  pre- 
served. (Journal  of  the  council  of  Minnesota  1849,  p.  30.)  The 
paper  of  Mr.  Catlin  is  published  in  the  American  Journal,  (1) 
XXXVIII,  though  it  was  read  before  the  Boston  Society  of  Natural 
History,  Sept.  4th,  1839.  Dr.  Jacksou's  analysis  is  in  the  35th 
vol,  of  the  American  Journal,  p.  388.  Of  this  pipestone  the  fol- 
lowing analyses  by  Prof.  Peckham  have  been  published  in  the 
sixth  annual  report  of  the  geological  and  natural  history  survey 
of  Minnesota^  p.  101. 


silica  Alumina  Iron  Manganese  Magnesia  Lime  Allcalies  Water 

Jackson,               48.20     28.20    5.00       0.60         6.00     2.60  8.40 
Peckbam,  (I'ght- 

colored)              58.25     35.90  trace        —             —         —  6.48 

Peckham,  (fed)     57.43     25  94    8.70        —          trace     trace  7  44 


The  geological  survey  of  Wisconsiny  Iowa  and  Minnesota^  by  Dr. 
D.  D.  Owen,  added  largely  to  the  accurate  mineralogy  of  the  state 
of  Minnesota.  This  was  carried  on  from  1847  to  1850.  As  we 
shall  ha/e  occasion  to  refer  considerably  to  this  in  the  enumeration 
of  the  minerals  of  the  state,  as  well  as  to  some  of  the  following 
publications,  it  is  sufficient  here  simply  to  name  them. 
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la  Schoolcraft^s  volumt;  giving  an  account  of  the  final  discovery 
of  the  source  of  the  Mississippi  in  1831  and  1832  is  a  short  list  by 
Mr.  Schoolcraft  of  localities  of  minerals  observed  in  the  North- 
west in  1831  and  1832.  Among  these  localities  are  named  the 
following  in  Minnesota: 

Calcareous  tufa  in  the  gorge  below  th^  falls  of  St.  Anthony. 

Granular  quartz,  falls  of  Poke«^ama,  upper  Mississippi. 

Agate,  imbedded  in  trap-rocks  ot  lake  Superior. 

Hofubtende,  as  a  constituent  of  the  primitive  rocks  of  the  upper 
Mississippi. 

Argillite^  St.  Louis  river. 

In  Schoolcraft's  volume  entitled    "Summary  narrative  of   th« 
discovery  of  the  sources  of  the  Mississippi,"  published  in  1854.  by 
Lippincott,  of  Philadelphia,  may  be  found  a  report  (p.  356)  by  Mr. 
Schoolcraft,  to  John  C.  Calhoun,  secretary  of  war,  on  the  geology 
and  mineralogy  of  the  region  of  the  upper  Mississippi,  bearing 
date  1822.    This  report  seems  to  have  been  published  first  in  1854. 
In  giving  a  description  of  the  pipestone,  now  generally  known  as 
catlinite^  he  applies  the  true  mineral  name  opwagonite^  saying  it  is 
the  Algonquin  word  for  calumet-stone  or  pipe-stone.     Realizing 
that  this  Algonquin  word  is  more  appropriate  than  that  applied  by 
Dr.  Jackson,  and  supposing  that  Schooler:  ft's  references  would 
bear  out  his  implied  earlier  use  of  this  designation,  I  took  the 
trouble  to  consult  his  earlier  reports  to  which  he  refers  with  a  view 
to  the  adoption  of  Schoolcraft's  name  should  it  prove  to  have  ante- 
dated the  word  catlinite.     But  it  was  found  that  in  his  **  View  of 
the  lead  mines  of  Missouri,"  published  in  1819,  to  which  he  re- 
fers, he  does  not  make  use  of  that  designation,  and   is   so  far 
ignorant  of  the  origin  of  the  substance  as  to  assign  it  to  the  Falls 
of  St.  Anthony.    Again,  when  in  1820  he  visited  the  falls  of  St. 
Anthony,  he  corrects,  it  is  true,  his  statement  that  it  is  found  here, 
and  assigns  it  to  the  coteau  des  prairies,  but  still  does  not  employ 
the  term  opivagonite  in  the  report  of  that  expedition,  published 
under  the  title.  Narrative-journal  of  travels  from  Detroit  north- 
west through  the  great  chain   of  lakes  to  the  source  of  the  Missis- 
sippi river  in  1820^  as  a  member  of  the  expedition  under  governor 
Lewis  Cass.    It  seems  to  be  necessary,  therefore,  to  conclude  that 
Schoolcraft  invented  the  word  in  1854,  and  published  it  as  if  ap- 
plied in  1822.     If  Mr.  Schoolcraft   made  such   a  mineralogical 
report  to  Mr.  Calhoun  in  1822,  it  is  remarkable  that  it  was  not 
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published,  nor  referred  to  by  him  in  his  volume  on  the  discov*^ry 
of  lake  Itasca,  published  in  1834  by  Harper  &  Bros. 

Mr.  Schoolcraft,  in  1854,  also  enumerates  the  following  minerals 
and  mineral  localities  in  Minnesota: 

Iron-sand^  on  the  shores  of  Pond  du  Lac,  lake  Superior. 
Micaceous  ioxide  of  irony  among  the  debris  of  the  St.  Louis  river, 
and  of  Fond  du  Lac. 

Ochery  red  oxide  of  iron^  "  Is  produced  near  thQ  spot  called  Big 
Stone  lake  on  the  head  of  the  St.  Peter's  river."  It  was  employed 
as  a  pigment  by  the  Indians. 

Quartz  is  mentioned  in  various  forms: 
Arenaceous,  the  sandrock  of  many  localities. 
Pseudomorphous,  shores  of  lake  Pepin;  having  taken  the  crys- 
talline impress  and  form  of  rhombohedral  crystals  of  carbonate 
of  lime. 

Chcalcedony,  shores  of  lake  Pepin. 
Carneliatiy  shores  of  the  upper  Mississippi. 
Agate^  shores  of  the  upper  Mississippi. 

Basani^y  (touchstone)  along  the  banks  of  the  upper  Mississippi. 
Mica^ — in  minute  foliae — in  alluvial  soil  of  the  upper  Mississippi. 
Hornblende,  at  the  "  peace  rack  "  on  the  upper  Mississippi. 
[This  is  in  section  27,  Watab.— N.  H.  W.J 

(rranu/ar^raj^^/^e,  in  a  small  vein  in  the  clay  slate  of  the  St. 
Louis  river,  at  the  head  of  the  nine-mile  portage.  It  is  coarse- 
grained and  gritty. 

Besides  an  occasional  mention  of  native  copper,  gold,  magnetic 
iron  ore,  coal  and  argentiferous  galena,  in  the  reports  of  the  early 
so-called  surveys  of  the  state  and  territory  of  Minnesota,  most  of 
which  are  exaggerated  for  ambitious  and  speculative  purposes,  but 
little  is  added,  in  these  reports,  to  the  mineralogy  of  the  state. 
Their  authority  and  much  of  their  material  are  taken  from  Owen's 
earlier  Report  on  the  Geology  of  Wisconsin,  Iowa  and  Minnesrta. 

They  may  be  enumerated,  however,  in  the  bibliography  of  the 
state;  viz,  Report  on  Geology^  No.  12  of  the  legislative  documents 
of  1861,  Anderson  &  Clark.    26  pp.,  8  vo. 

Report  of  Hanchett  and  Clark  on  the  geology  and  physical  geog- 
raphy of  the  northwestern  district  of  Minmsota.  1865,  82  pp,,  8vo. 

Report  of  H.  H.  Earnes  on  the  inetallifereous  region  bordering 
on  lake  Superior,    1865,  23  pp.,  8vo. 
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Geological  reconnaissance  of  the  northern^  middle  and  other 
counties  of  Minnesota^  by  H.  H.  Eames.    1866,  58  pp.,  8vo. 

Geology  and  Minerals,  Report  of  explorations  in  the  mineral 
regions  of  Minnesota,  in  the  years  1848,  1859  and  1864,  by  Col. 
Charles  Whittlesey.  1866,  54  pp.,  8vo.  This  phamphlet  is  more 
valuable  for  its  geology  than  its  mineralogy.  Its  errors  are  nu- 
merous, among  which  may  be  mentioned  its  identification  of  preh- 
nite  at  French  river  with  quartz,  and  of  labradorite  feldspar  at 
Split-rock  river  with  quartz.  The  summit  of  Carlton^s  peak  i» 
said  to  consist  of  gray  quartz. 

The  following  statement  is  quoted  from  this  pamphlet,  p.  41: 
"  In  the  spring  of  1858  a  boulder  was  found  on  the  north  shore  of 
the  St.  Louis  river,  at  Rice's  point  below  Oneora,  having  a  metallic 
appearance,  with  a  pale  brass  color,  and  which  weighed  about  100 
pounds.  Various  accounts  have  been  current  as  to  the  locality  of 
this  mass.  Mr.  R.  B.  Carlton  said  it  was  found  by  Joe  Pose  soon 
after  the  spring  freshet,  in  the  sand-  at  the  place  just  named.  In 
size  it  is  about  a  foot  long,  with  two  faces  nearly  parallel,  as  though 
it  came  from  a  vein  with  regular  walls,  four  or  five  inches  wide. 
Some  persons  regarded  it  as  an  artificial  alloy  of  zinc  and  copper^ 
which  had  been  produced  by  melting  a  church  bell.  It  is  broken 
with  difficulty,  and  in  the  interior  has  patches  of  a  greenish  tinge. 
The  mass  has  a  whitish-yellow  color,  a  pyritous  aspect,  finely 
crystallized  with  small  blotches  of  spar,  showing  it  to  be  not  an 
artificiahcompound.  As  I  was  sending  a  box  of  minerals  to  my 
friend,  J.  H.  Boalt,  Esq.,  of  the  School  of  Mines  at  Preyburg,  in 
Germany,  a  piece  of  this  boulder  was  forwarded,  with  the  request 
that  it  should  be  analyzed.  The  arsenides  of  copper  were  then 
unknown  on  lake  Superior,  but  I  have  since  seen  a  specimen  from 
Portage  lake.  Mr.  Boalt  reported  that  about  the  time  of  the  ar- 
rival of  my  specimen,  another  was  received  from  Chili,  in  South 
America.  All  parties  were  interested  to  know  what  ore  of  copper 
they  represented.  The  analysis  gave  83  per  cent,  of  metallic  cop- 
per and  17  of  arseni-,  which  approaches  very  near  to  the  rare 
mineral,  algodonite  of  Dana.  The  boulder,  no  doubt,  came  with 
the  drift  materials  from  the  northeast,  and  represents  a  vein  some- 
where in  that  direction,  perhaps  not  far  distant." 

In  the  Minnesota  Teacher  for  June  and  July,  1871,  Mr.  J.  H. 
Kloos  has  papers  on  Geological  rambles  in  Minnesota^  in  which 
are  found  some  discriminating  remarks  on  the  minerals  constitut- 
ing the  crystalline  rocks  near  Duluth.     He  mentions: — 
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Labradorite, 

DialiHge  or  bypersthene,  pr  augite, 

Magnetite, 

Epidote, 

Caicite, 

Laumontite, 

Chlorite, 

Quartz, 

Copper. 
At  Taylor's  Falls  he  enumerateti: — 

Hornblende, 

A  transparent  mineral  of  the  color  of  chrysolite, 

Labradorite, 

Copper, 

Dolomite, 

Quartz, 

Cttlcite, 

Copper  glance. 

Earthy  malachite. 
In  the  syenites  of  the  St.  Cloud  region  he  also  enumerates  the 
minerals  which  he  expects  to  fiud  on  making  a  careful  chemical 
and  mineralogical  examination,  viz: 

Orthoclase, 

A  triclinic  feldspar. 

Pyroxene, 

Labradorite, 

Anorthite, 

Hyperite, 

Hornblende, 

Mica, 

Protobarite, 

Pyrite, 

Quartz. 
Mr.  Eloos  collected  samples  of  some  of  the  crystalline  rocks, 
which  he  took  to  Germany.  These  were  the  subject  of  a  series  of 
papers  by  Streng  and  Kloos  in  the  Nems  Jahrbuch  fur  Mineral- 
ogie  (Geol.  u.  Pal.)  1877.  Mr.  Kloos  repeated  his  general  observa- 
tions, and  extended  them,  in  a  paper  published  in  1871  in  the  Zeit- 
schrift  d,  d.  geoL  Gesell.,  p,  425.* 

«A  translation  of  the  latter  may  be  seen  in  tJie  tentb  annual  report  of  the  survey, 
1881. 
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Minerals  and  mineral  localities  in  Minnesota. 
NATIVE  ELEMENTS. 

GOLD. 

Gold  has  been  washed  from  the  drift  in  noticeable  quantities  in 
various  places  in  the  state,  particularly  at  Rochester,  Oronoco, 
Spring  Valley,  sec.  31,  Jordan,  Fillmore  county,  and  at  several 
points  in  Wabasha  county.  As  an  ingredient  of  the  bedded  rocks 
it  has  been  sought  in  the  chloritic  slates  at  Vermilion  lake  as  re- 
ported by  Mr.  Eames  in  1865,  and  somewhat  in  the  same  formation 
west  of  Moose  Lake  station  in  Carlton  county.  In  these  examin- 
ations, the  former  of  which  induced  a  general  movement  of  miners 
and  other  hasty  speculators  to  Vermilion  lake,  some  gold  may  have 
been  found  if  the  assays  published  in  Mr.  Eames'  report  l)e  true. 
Recent  assays,  however,  do  not  give  gold  in  any  appreciable 
amount  from  the  Vermilion  quartz  rocks  nor  from  the  slates  con- 
taining the  quartz  veins. 

Gold  has  lately  been  taken  from  the  gravel  at  Willmar,  as  re- 
ported. The  pieces  are  angular  and  appear  to  have  been  recently 
cut  by  some  sharp  instrument,  indicating  an  artificial  sprinkling 
in  the  naturally  rounded  gravel.  It  is  91  per  cent,  pure  gold,  the 
rest  being  copper.  Gold  is  also  found  in  the  quartz  veins  ol  Rainy 
lake,  but  the  shafts  sunk  have  all  been  on  Canadian  territory,  so 
far  as  I  am  informed. 

SILVER. 

Silver  occurs  native  in  the  quartz  veins  of  the  slates  in  the 
northeastern  part  of  the  state,  but  no  valuable  deposits  within 
Minnesota  have  yet  been  brought  to  light.  This  is  the  same 
formation  that  is  wrought  at  Silver  Islet  and  Thunder  bay  in 
Canada.  Its  most  abundant  occurrence  is  in  the  form  of  argen- 
tiferous galena.  Several  late  enterpriser,  have  begun  operations  in 
the  islands  between  Thunder  bay  and  Pigeon  river  and  one  also  is 
started  on  one  of  the  islands  south  of  Pigeon  point,  in  Minnesota. 
Some  of  the  float  pieces  of  copper  found  in  the  central  and  north- 
ern part  of  the  state  also  show  small  quantities  of  silver.  The  as- 
says of  the  Vermilion  gold  ores  reported  by  Mr.  Ean^es  show  a 
small  percentage  of  silver. 

COPPER. 

Copper  has  been  mined  at  French  river,  at  Snake  river,  at  Sucker 
river,  at  Fall  river,  at  Tayfor's  Falls,  Chengwatana,  and  at  several 
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other  points.  At  French  river  it  occurs  with  prehnite  and  is  oc- 
casionally associated  with  small  quantities  of  native  silver.  This 
metal  is  disseminated  in  nodules  and  other  vein-fillings  throughout 
much  of  the  trap-rock  of  the  region,  but  is  at  the  same  time 
principally  aggregated  in  one  or  two  metalliferous  beds,  or  belts;  a 
shaft  that  penetrated  43  feet  revealing  two  such  b^ds.  Pieces 
weighing  several  pounds  have  been  taken  from  this  shaft.  At 
Ghengwatana  it  has  been  sought  by  shafting  in  the  trap  and 
amygdaloids.  Small  particles  have  been  found  in  the  mineral 
thomsonite,  which  fills  amygdaloidal  cavities  in  the  trap  at  Good 
Harbor. 

Pieces  of  native  copper  of  considerable  size  are  occasionally 
found  distributed  through  the  drift  in  the  central  and  southern 
parts  of  the  state.  Mr.  T.  Elwell,  of  Granite  City,  Morrison  county, 
reports  fifty-six  pieces  found  in  that  vicinity,  and  transmitted 
to  St.  Paul,  in  1861,  by  Hon.  Levi  Wheeler,  representative  from  the 
third  district.  Several  pieces  have  been  found  at  Minneapolis  and 
others  at  St«  Paul.  Numerous  pieces  have  been  found  in  the  val- 
ley of  the  St.  Croix;  other  localities  are  Rochester,  Zumbrota,  White 
Bear  Lake,  and  along  the  Mississippi  below  St.  Paul.  Le  Sueur  is 
reported  by  La  Harpe  to  have  seen  a  large  mass  of  native  copper 
at  a  point  four  leagues  above  the  mouth  of  the  St.  Croix  river,  near 
the  mouth  of  a  small  lake.  Several  hundred  pounds  of  float  copper 
were  found  between  the  Northern  Pacific  Junction  and  Knife 
Falls,  during  the  construction  of  the  Knife  Falls  railroad.  These 
pieces  lay  usually  among  stones  on  the  surface,  and  were  probably 
derived  from  the  general  drift-sbeet  that  may  be  supposed  to  have 
covered  the  region,  the  railroad  following  the  ancient  valley  of  the 
St.  Louis  all  the  way. 

IBOK. 

No  well  authenticated  instance  of  native  iron  in  Minnesota  is 
known,  though  such  has  been  reported  from  St.  Paul.  It  is  true 
that  grains  of  metallic  iron  are  found  in  the  drillings  of  the 
well  near  the  Harvester  Works.  These  certainly  are  not  natural. 
They  have  the  form  of  iron  cuttings  and  drillings  artificially  made 
and  on  being  allowed  to  remain  among  the  rock  drillings  become 
rusty  immediately,  cementing  the  rock  grains  in  small  rusty  clust- 
ers. Their  chemical  composition  also  indicates  that  they  are  not 
natural. 
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GRAPHITE. 

This  is  found  in  considerable  quantities  at  Pig?on  point.  It  is 
disseminated  in  lumps  through  a  metamorphic  sandrock.  The 
lumps  vary  from  the  size  of  a  pin-head  to  flattened  masses  six  or 
eight  inches  in  diameter.  The  sandrock  sometimes  becomes 
gneissic  and  is  of  the  same  formation  as  that  which  holds  the  silver 
mines  of  Thunder  bay,  and  of  Silver  Islet.  Graphite  also  exists  in  a 
vein  about  a  foot  thick  a  short  distance  above  Thomson,  at  the 
head  of  the  nine-mile  portage.  Schoolcraft  says  it  is  coarse- 
grained and  gritty. 

SIMPLE  SULPHIDES,  &c. 
ALOODON^ITE. 

This  arsenide  of  copper  was  found  in  a  large  transported  mass 
in  1858  on  the  shore  of  the  St.  Louis  river  near  Rice's  point.  The 
piece  was  about  a  foot  long,  with  two  faces  nearly  parallel,  al- 
though it  came  from  a  vein  with  regular  walls  four  or  five  inches 
thick.  It  was  reported  1o  have  been  analyzed  by  J.  H.  Boalt  of 
the  School  of  Mines  at  Freiberg,  Germany,  and  was  found  to  af- 
ford 83  per  cent  of  metallic  copper  with  17  per  cent  of  arsenic. 

WHITNEVITB. 

On  the  authority  of  Mr.  Dana,  the  large  mass  of  algodonite  last 
mentioned  was  stated  to  be  partly  made  up  of  whitneyile^  which 
is  a  compound  of  copper  and  arsenic,  but  having  less  arsenic 
than  algodonite. 

QALENITB. 

This  sulphide  of  lead  is  common  in  the  state.  It  has  been  found 
almost  invariably  in  the  trial  shafts  for  silver  in  the  lake  Superior 
region.  It  is  associated  with  calcite,  barile,  pyrite  and  quartz.  It 
is  also  found  in  limited  quantities  in  the  Galena  limestone  in  the 
SDuthern  part  of  the  state  and  in  the  St.  Lawrence  and  St.  Croix 
formations  at  Dresbach  in  Winona  county.  In  the  St.  Croix  sand- 
stone at  Dresbach  it  is  found  as  a  matrix  which  cements  considerable 
masses  of  rock  that  is  made  up  of  sand  grains  and  linguloid  shells. 
In  that  form  it  has  been  taken  out  of  a  shaft  about  20  feet  below 
the  level  of  the  Mississippi  river. 
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BORNITE. 


This  is  probably  the  ore  foand  by  shafting,  about  3  miles  west 
of  the  mouth  of  Cascade  river,  lake  Superior,  and  on  the  island 
south  of  Pigeon  point.  It  also  occurs  in  a  dark  bed  of  meta- 
morphic  conglomerate,  about  6  feet  thick,  at  London,  near  Duluth. 


SPHALERITE. 

This  sulphide  of  zinc  is  common  in  the  shafts  sunk  for  silver  in 
the  slate  and  quartzyte  group  at  Pigeon  poiuFand  along  the  inter- 
national boundary.     It  is  also  reported  from  Stillwater. 

CHALCOCITB. 

In  a  vein  near  the  water  level  at  St.  Croix  Falls,  opposite  Tay- 
lor's Falls. 

PYRITE. 

A  common  mineral.  It  occurs  in  all  mines,  and  as  norlules  in 
most  of  the  rocks  of  the  state.  It  is  found  in  the  common  build- 
ing-stone (Trenton)  at  Minneapolis,  as  little  shining  yellow  specks, 
and  in  the  Cretaceous  shales  in  the  western  part  of  the  state. 
Sometimes  it  weathers  out  of  the  latter  and  is  found  on  the  sloping 
blutfs  where  these  shales  outcrop.  It  is  also  common  in  the  blue 
drift-clay  or  hard-pan  of  the  western  part  of  the  state,  derived  orig- 
inally from  the  Cretaceous,  and  in  that  situation  it  retains  its 
metallic  lustre  unchanged,  affording  frequent  clusters  of  crystals 
that  are  quite  beautiful.  In  some  cases  it  seems  to  be  indigenous 
in  the  drift-clay,  in  the  same  manner  as  selenite  crystals. 

CHALCOPYRITE. 

Common  in  the  shafts  sunk  in  the  cupriferous  rocks  in  the 
northern  part  of  the  state — as  well  as  in  the  slate  and  quartzyte 
group  of  Pigeon  point. 

MARGASITE. 

Very  common  in  the  southeastern  part  of  the  state,  where  it  ac-' 
companies  the  Cambrian  limestones.  It  is  found  in  lumps,  partly 
altered  to  limonite,  on  the  tops  of  the  bluffs  in  that  part  of  the 
state,  along  the  river  valleys.  It  is  evidently  the  result  of  denada- 
tion  from  some  higher  strata. 
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COMPOUNDS  OF  CHLORINE. 
HALITE. 

The  only  evidence  of  this  mineral  in  Minnesota  is  the  occurrence 
of  saline  springs,  and  of  artesian  salt  water  in  the  northwestern  part 
of  the  state.  The  most  noteworthy  instance  is  the  deep  well  at  St. 
Vincent,  where,  however,  the  brine  contains  also  some  lime  and 
some  magnesia. 

f 
COMPOUNDS  OF  FLUORINE. 

FLUORITE. 

This  occurs  in  small  quantities  at  Lester  river,  on  the  north 
shore  of  lake  Superior,  and  in  much  larger  quantities  in  some 
of  the  veins  that  have  been  explored  for  silver  in  the  northeastern 
part  of  the  state. 

COMPOUNDS  OF  OXYGEN. 
CUPRITR. 

This  mineral  was  observed,  mingled  with  malachite,  coating  a  piece 
of  metallic  copper  which  was  found  on  the  surface  or  among  the 
drift  materials,  near  Rochester.  It  doubtless  also  exists  in  varying 
quantities  wherever  metallic  copper  is  found  in  the  rocks  of  the 
scate. 

WATER. 

Within  the  state  there  is  a  superficies  of  5,637  square  miles  of 
water;  and  at  Minneapolis  the  average  flow  of  the  Mississippi  is 
25,000  cubic  feet  per  second.  The  average  rainfall  at  Minneapolis 
is  about  29  inches. 

HiBMATITB. 

This  exists  in  large  quantities  in  the  vicinity  of  Vermilion  lake 
and  in  the  Mesabi  range.  It  also  occurs  as  a  red,  ocherous  de- 
posit in  numerous  places.  It  has  been  employed  as  a  pigment  by 
the  Indians,  who  obtained  it  at  Big  Stone  lake,  at  Grand  Portage, 
lake  Superior,  and  in  the  valley  of  the  Blue  Earth  river. 
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MAGNETITB. 


This  is  found  ia  large  quantities  in  the  northeastern  part  of  the 
state.  It  is  apt  to  bear  titanium,  but  ivhen  found  in  large  strata 
in  the  Huronian  formation,  it  is  wholly,  or  nearly  free  from  it.  It 
occurs  also  at  Rainy  lake. 

MENACCAKITB. 

This  seems  to  be  the  principal  magnetic  mineral  which  enters 
nto  the  gabbro  and  other  igneous  rocks  of  the  Cupriferous  in  Min- 
nesota* It  is  so  abundant  in  the  region  of  Iron  lake,  north  of 
Grand  Marais,  and  at  Herman,  near  Duluth,  that  it  has  attracted 
attention  as  an  iron  ore.  The  titanium  present  is  frequently  not 
enough  to  constitute  this  mineral,  which  requires  from  30  to  40 
per  cent.  It  is  sometimes  as  low  as  three  per  cent.,  the  mineral 
then  being  rather  titaniferous  magnetite.  As  iron-sand  it  gathers 
on  the  lake  Superior  shore  at  Black  beach,  about  four  miles  west 
of  Beaver  Bay,  and  can  be  extracted  from  the  gravel  with  a  magnet 
in  nearly  all  parts  of  the  state. 

LIMOKITfi. 

This  ore  of  iron  is  frequently  found  pseudomorphous  after  pyrite 
and  marcasite.  This  is  particularly  the  case  in  the  changed  mar- 
casite  found  in  the  southeastern  part  of  the  state.  As  a  bog-ore  it 
is  found  frequently,  and  it  often  stains  the  earth  and  the  peat 
about  lakes  and  stagnant  pools,  when  it  cannot,  from  its  impurity, 
be  styled  correctly  limonite.  It  is  found  as  a  bog-ore  in  considera- 
ble quantities  near  Coon  creek,  in  Anoka  county. 

OXIDES  OP  THE  CARBON-SILICON  GROUP. 
QUARTZ. 

This  most  common  of  all  minerals  exhibits  itself  in  nearly  all  its 
forms  in  Minnesota.  Its  most  remarkable  and  pure  deposits  are 
seen  in  the  St.  Peter  and  St.  Croix  sandstones  with  which  all 
geologists  are  familiar,  in  the  bluffs  ot  the  Mississippi  river  and  its 
tributaries,  where  it  constitutes  98  per  cent,  o^  the  rock.  As  agate, 
carnelian  and  chalcedony,  it  exists  in  the  trap-rocks  in  the  north- 
eastern part  of  the  state,  and  is  distributed  in  the  gravel  through- 
out the  eastern  half  of  the  state.    Agate  bay  is  so  named  from  the 
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great  numbers  of  pebbles  of  aj^ate  that  are  found  on  its  beach. 
But  they  are  equally  numerous  in  other  places.  Many  may  be 
found  at  Burlington  bay  and  at  the  point  next  west  of  Knife  island. 
As  chalcedony  it  weathers  out  of  the  trap  at  Gooseberry  river,  and 
in  the  drift  of  the  western  part  of  the  state  it  is  in  that  form  from 
fossil  wood  derived  from  the  Cretaceous.  It  is  less  commonly  found 
as  amethyst  in  the  Cupriferous,  the  only  locality  known  in  Minne- 
sota, being  on  a  small  island  a  short  distance  east  of  Gooseberry 
river.  Amethyst  also  occurs  sometimes  in  the  siliceous  geodes  of 
the  Shakopee  and  St.  Lawrence  dolomites.  As  heliotrope  or  blood- 
stone, very  iine  specimens  are  sometimes  found,  but  the  prevailing 
color  is  brownish  or  black,  rather  than  green.  Moss-agate,  which 
seems  to  come  from  agatized  wood,  is  more  common  in  the  western 
part  of  the  state,  referable  to  the  Cretaceous  or  Tertiary  debris. 
Flint,  hornstone,  basanite,  touchstone,  red,  brown  and  black  jasper, 
as  well  as  jasperoid  haematite  with  beautiful  banding,  are  common 
as  pebbles  throughout  the  state,  particularly  the  eastern  half. 
Agates  and  carnelians  are  so  abundant  that  they  are  largely  repre- 
sented in  every  amateur  collection,  and  thousands  of  speciLiens 
have  been  carried  from  the  state.  The  amethysts  that  are  sold  so 
abundantly  at  Duluth  are  from  Thunder  bay,  150  miles  further 
east  on  the  north  shore.  Quartz  occurs  in  perfect  crystals  in  the 
quartz-porphyries  on  the  north  shore  of  lake  Superior,  in  Minne- 
sota, and  in  the  form  of  prase  it  is  found  on  the  beach  among  the 
pebbles. 

ANHYDROUS  SILICATES. 

HYFERSTHENB 

Is  a  constituent  of  the  rock  at  Black  beach  about  four  miles 
west  of  Beaver  bay.  Although  this  is  the  only  point  at  which  this 
silicate  has  been  reported,  though  here  subject  to  correction  by 
more  careful  examination,  it  is  probable  that  it  occurs  largely  in 
the  rocks  of  the  north  shore  of  lake  Superior.  It  may  be  con- 
founded with  bronzite,  since  they  show  the  same  kind  of  metalloidal 
surfaces  which  glitter  like  mica  in  the  sunlight.  It  has  the  same 
crystallization  also. 

•BRONZITE  (eNSTATITE.) 

The  rock  composing  Encampment  island  on  the  north  shore  of 
lake  Superior  has  a  metalloidal  augite  as  an  important  c:>nstituent. 
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which  is  thought  to  be  enstatite.     It  has,  however,  been  ezani- 
ined  only  uiicroscopically,  and  is  subject  to  further  analysis. 

WOLLASTONITE. 

A  radiated  white  fibrous  mineral  from  Scoville's  point,  Isle  Roy- 
ale,  weathering  from  the  trap  of  the  region,  is  believed  to  be  wol- 
lastonite,  but  the  samples  gathered  have  not  been  examined  care- 
fully. The  same  may  be  looked  for  in  Minnesota  between  Grand 
Portage  and  Grand  Marais,  judging  from  the  strike  of  the  strata. 

PYROXENE. 

The  only  form  of  pyroxene  within  the  state  that  has  been  iden- 
tified is  the  variety  known  as  augite  ;  and  much  of  that  belongs  to 
the  sub- variety  diallage.  It  comprises  a  large  constituent  of  the 
igneous  rocks  of  the  cupriferous,  and  is  disseminated  from  Cheng- 
watana  to  Pigeon  point.  The  regular  form  cf  pyroxene  seems  to 
pervade  the  rock  known  as  trap-rock  at  Taylor's  Falls,  but  that  is 
also  subject  to  further  examination. 

SPODUMENTE. 

This  may  be  doubtfully  named  as  a  Minnesota  mineral  from  the 
Mesabi  range. 

AMPHIBOLE. 

Under  this  name  are  included  all  the  varieties  of  hornblende 
found  in  the  syenites  and  crystalline  schists  of  the  state.  This  is 
a  very  common  mineral.  It  is  found  in  the  St.  Cloud  and  Sauk 
Rapids  syenites,  in  the  syenite  near  Duluth,  and  in  the  same  for- 
mation back  of  Grand  Marais.  It  is  abundant  in  a  rock  at  West 
Oull  lake,  near  Saganaga,  where  it  is  associated  with  quartz  and  a 
little  plagioclase  so  as  t6  constitute  a  rock  styled  amphibolyte. 
The  same  rock  spreads  widely  west  of  that  point.  Actinolite  ap- 
pears as  a  microscopic  mineral  in  many  thin-sections  from  the 
rocks  of  Minnesota,  Both  actinolite  and  tremolite  are  reported 
from  Rainy  lake  by  Dr.  Bigsby. 

OHRYSOLTTB. 

This  mineral,  which  is  common  in  the  igneous  rocks  of  the 
cupriferous  series,  as  one  of  their  constituents,  sometimes  makes. 
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nearly  alone,  the  enfcire  rock.  tSuch  is  the  case  in  a  rock  on  the 
iron  trail  north  from  Grand  Marais,  labout  half  way  between  Little 
Trout  lake  and  Brule  river.    (Sur,  No.  677.) 


OARNET, 

iSmall  garnets  occur  abundantly  in  the  schists  at  Little  Falls. 
Larger  ones  are  in  the  same  rock  at  Pike  rapids,  associated  with 
staurolite.  These  are  of  the  usual  dark  cinnamon  color.  But  at 
Duluth  in  some  of  the  metamorphic  strata  of  the  cupriferous  is  a 
wavy,  honey-yellow  garnet,  pierced  with  microscopic  actinolite. 
This  is  in  small  quantities  in  laminations  in  a  metamorphic  shale. 
(18  A.)    Garnet  occurs  also  at  Rainy  lake. 

EPIDOTE. 

A  common  mineral  in  the  cupriferous  rocks  of  lake  Superior. 
It  is  known  at  Duluth,  at  Taylor^s  Falls,  and  abundantly  on  Isle 
Royaie. 

BIOXITE. 

This  is  a  common  mineral  in  the  syenites  at  St.  Cloud,  and  as  a 
microscopic  mineral  in  the  rocks  of  the  cupriferous. 

MUSCOVITE. 

This  is  probably  the  mica  that  is  mingled  with  the  schists  at 
Little  Falls  and  at  Thomson;  and  forms  a  constituent  of  most  of 
the  granites  of  the  state.  It  is  disseminated  also  through  some  of 
the  sandstones,  particularly  the  lower  portions  of  the  St.  Croix  at 
Dresbach.  Along  the  northern  boundary  at  Rainy  lake  and  at 
lake  of  the  Woods  it  has  been  seen  in  large  foHae. 

WERNERITE. 

This  is  found  in  the  trap  at  the  Island  mine,  Isle  Royaie,  and 
doubtfully  identified  on  the  north  shore  of  lake  Superior  at  Lov- 
er's bay,  in  Minnesota.  The  form  glaucolite  is  found  also  at  the 
same  place  on  Isle  Royaie. 
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ANORTHITB. 

This  accompanies  orfchoclase  in  the  porphyries  at  Dalath  and  at 
Taylor's  Falls. 

LABRADORITR.  • 

This  the  chief  constituent  of  the  Rice  point  gabbro,  and  of  the 
range  of  hills  that  passes  behind  Daluth,  and  reaches  to  the  ii'ter- 
national  boundary.  It  forms  the  rock  of  Carlton's  peak.  It  is 
embraced  in  basaltic  trap  at  Split  Rock  point  as  transported  light- 
colored  boulders,  making  a  curious  pudding-stone.  It  occurs 
beautifully  in  large  masses  at  Bearer  Bay  and  coastitutes  low  hills 
near  the  lake  shore  a  few  miles  east  of  Beaver  Bay.  In  some  of 
these  cases  this  mineral  is  nearly  pure  and  makes  up  the  whole 
rock.  It  does  not,  however,  exhibit  the  internal  opalescence,  gen- 
erally, which  characterizes  it  in  Labrador,  and  in  Lewis  county. 
New  York.  Ifc  is  the  chief  feldspathic  ingredient  in  the  igneous 
rocks  of  the  Cupriferous  series. 

AKDESITB. 

This  mineral  occurs  at  Duluth,  in  the  porphyries  of  the  cuprif- 
erous. 

0RTH0CLA8E. 

This  is  found  abundantly  disseminated  porphyritically  in  the 
rocks  at  Daluth,  and  in  the  porphyry  at  Taylor's  Falls,  and  is  an 
■essential  ingredient  in  the  granites  everywhere  in  the  state, — par- 
ticularly those  having  a  red  color.  It  is  perhaps  as  often  found  uni- 
ting with  hornblende  formiug  syenite,  as  with  mica  forming  granite. 
It  fills  amygdalpidal  cavities  at  Chester  creek  on  the  beach  of  lake 
Superior. 

OLIGOCI^SB. 

This  feldspar  is  found  in  an  augitic  quartz-dioryte  at  Watab^ 
and  in  the  syenitic  granite  at  Sauk  Rapids. 

ALBITE, 

It  is  disseminated  porphyritically  in  some  of  the  schists  of  the 
Buronian  in  the  region  about  Vermilion  lake,  and  is  found  also  in 


Digitized  by  VjOOQ IC 


BT.EY£KTH  ANHUAL  REPORT 


the  graaite  afc  Watab.  A  large  boalder  of  chloritic  schist,  having 
crystals  of  albite  f  inch  across,  was  found  by  Dr.  Elliot  near  lake 
Calhoun. 


TOPAZ. 


Occasionally  occum  in  the  sand  of  the  drift  along  the  Missis- 
sippi below  SL  Panl. 


DATOLITE. 

Is  found  on  Isle  Royale,  in  the  trap  rocks,  and  is  likely  to  be 
found  in  Minnesota,  but  has  not  yet  been  certainly  identified. 

STAUROLITB. 

Is  found  in  the  mica  schist  at  Pike  rapids  on  the  Mississippi,  and 
at  lake  of  the  Woods  in  a  similar  rock,  associated  with  garnet* 
At  the  former  place  the  crystals  are  frequently  twinned,  at  least 
crossed  so  as  to  make  symmetrical  cruciform  figures,  and  some  are 
attached  obliquely.  The  schist  disintegrates  easily,  allowing  the 
crystals  to  mingle  with  the  gravel  where  they  are  found  sometimes 
in  most  perfect  form  and  preservation. 

HYDROUS  SILICATES. 
PEOTCLITB. 

Fine  specimens  of  pectulite  occur  on  Isle  Royale,  but  it  has  noi 
yet  been  id^^ntified  with  certainty  in  Minnesota. 

LAUMONTITE. 

This  crumbling,  flesh-colored  mineral  is  very  abundant  in  the 
Cupriferous  rocks.  It  is  not  only  found  in  the  red  amygdaloids,  (or 
pseudo-amygdaloids)  in  which  it  pervades  bedb  that  reach  a  thick- 
ness of  1  to  15  feet,  but  is  also  found  more  sparsely  disseminated  in 
the  amygdaloids  of  the  trap  itself.  Its  rapid  disintegration  when 
exposed  to  the  weather  is  the  first  and  most  efficient  cause  of  the 
many  purgatories  and  arched  rocks  that  beautify  the  scenery  of  the 
north  shore  of  lake  Superior.  It  is  disseminated  in  these  crum- 
bling beds  through  a  shaly  rock  of  a  red  color,  which  often  pre- 
sents the  characters  of  sedimentation,  and  even  among  the  red 
conglomerates  of  the  Cupriferous;  these  sedimentary  beds  showing 
fucoidal  fossils. 
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This  occurs  occasionally  on  the  north  shore  of  lake  Superior 
and  in  the  Cupriferous  rocks  of  Pine  county.  It  is  generally 
associated  with  chalcopyrite. 

PBEHNITE. 

At  French  river,  containing  native  copper.  It  is  here  abund- 
antly scattered  through  certain  beds  in  all  their  cavities  and  veins, 
comprising,  perhaps,  one-tenth  of  the  rock.  It  is  radiated  and 
fibrous,  of  a  light  color,  slightly  greenish  in  larger  masses  and  ap- 
pears like  quartz,  for  which  it  has  been  mistaken.  It  is  the  gangue 
of  native  copper  which  has  been  taken  out  at  French  river. 

OHLORASTROLITE. 

At  Rock  Harbor,  Isle  Royale. 

ZEOLITES. 

THOMSOKITE. 

Of  tl)is  section  of  the  silicates  probably  the  most  noteworthy  in 
Minnesota  is  the  thomsonite  which  is  found  abundantly  in  the 
trap-rocks,  from  Terrace  point  to  Poplar  river,  and  even  further 
west,  en  the  north  shore  of  lake  Superior.  It  was  brought  to 
light  by  the  Mayhew  brothers  of  Grand  Marais,  who  have  bought 
of  the  squaws  many  hundred  dollars  worth  gathered  from  the 
beach  of  the  lake,  where  they  are  found  smoothed  by  the  waves 
among  the  gravel,  thus  showing  their  beautiful  markings,  and  have 
sent  them  to  eastern  dealers  in  minerals  and  gems.  Eclipse  beach 
and  Terrace  point  are  the  chief  localities. 

LINTOJS^ITE. 

This  is  found  associated  with  thomsonite,  and  seems  to  be  a 
variety  of  that  mineral.  It  is  green,  generally  amorphous,  and, 
although  it  frequently  encloses  the  thomsonite  amygdules,  it  also 
constitutes  amygdules  alone. 

NATROLITE 

£xist?  at  Beafer  Bay,  on  the  north   shore  of  lake  Superior.     It 
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is  in  seams  in  the  labradorite  rock  at  the  west  point  of  the  bay, 
and  is  taken  out  in  crusts  about  i  inch  thick. 


6TILBITE 


Is  a  zeolite  common  along  the  north  shore  of  lake  Superior, 
between  Poplar  river  and  Grand  Marais.  It  occurs  abundantly  at 
Eclipse  beach,  and  at  Sugar  Loaf  point  as  far  as  Two  Island  river. 
It  is  also  abundant  about  two  miles  west  of  Little  Marais. 


HBULAKDITB 


Occurs  as  coalings,  very  generally  along  the  shore  of  lake  Su* 
perior,  in  the  joints  of  trap-rocks,  according  to  the  determination 
of  Norwood.  It  is  not  certain  but  this  mineral  is  the  same  as  the 
next. 


MOBDEKITE 

Occurs  with  stilbite    quite  abundantly  as  amygdules  on  Sec.  29, 
T.  57,  6,  a  few  miles  west  of  Little  Marais. 

MARGAROPHYLLITES. 

TALC. 

This  is  the  basis  of  the  talcose  schist,  which  plays  a  conspicuous 
part  in  the  stratigraphy  of  the  Huronian  at  Vermilion  lake  and  on 
the  International  boundary;  but  no  important  deposits  of  the 
unmixed  mineral  have  yet  been  discovered  in  Minnesota.  It  seems 
to  be  the  chief  ingredient  in  the  greenish  pipe-stone  cut  by  the 
Indians  from  Pipe-stone  rapids,  and  at  Rainy  lake. 

GLAUOONITE 

Is  said  to  occur  in  the  sandstones  of  the  St.  Croix,  as  at  Red 
Wing  and  in  the  St.  Lawrence  limestone  at  St.  Lawrence.  But 
the  characters  of  the  Lower  Silurian  greensand  do  not  agree  with 
those  of  the  Cretaceous  greensand,  nor  with  that  from  igneous 
rocks. 

BAPONITE. 

Under  the  name  thalite,  a  mineral  from  the  mouth  of  Knife 
river,  was  described  by  Dr.  Owen  as  new  to  science,  but  Qenth  has 
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showD  it  to  belong  under  saponite.  It  is  soft  and  nearly  white, 
filling  cavities  in  amygdaloidal  rock  at  the  very  water^s  edge.  It 
is  also  found  in  the  same  kind  of  rock  on  Kettle  river,  in  Pine 
county.  Owen  regarded  it,  however,  at  the  latter  place,  as  a  mag- 
nesian  harmotome. 

HALLOYSITB? 

Whether  the  decomposed  granites  of  the  Minnesota  valley  can 
be  included  under  this  term  or  not,  they  certainly  should  be  placed 
in  this  section  of  the  silicates.  The  most  of  this  deposit,  which 
occurs  characteristically  at  "  Birch  Cooley,"  is  amorphous,  earthy, 
soft,  greenish  and  ferruginous  on  analysis;  but  in  some  places  it  is 
more  nearly  white,  approaching  kaolinite  in  outward  characters. 

DELESSITB. 

Common  as  a  product  of  decay  in  the  trap-rocks  of  the  north 
shore  of  lake  Superior.  It  also  fills  amygdaloidal  cavities  and 
cracks.  It  gives  a  soft  and  slippery  feel  to  the  green  traps  when 
undergoing  incipient  decay  near  the  water-line.  It  has  a  velvety 
radiated  crystallization. 

PROCHLORITB. 

This  term  is  here  employed  for  all  the  chlorites  and  chlorite-like 
minerals  that  occur  in  the  Gupriferons  rocks,  except  delessite. 
Very  often  a  chlorite-like  mineral  results  from  the  decay  of  horn- 
blende or  augite.  This  is  often  called  viridite,  which  signifies  the 
same  thing,  but  is  used  to  avoid  the  appearance  of  exact  knowledge 
of  its  mineral  nature.  The  chlorite  schists  can  hardly  be  dis- 
tinguished from  the  talcose,  and  hardly  from  the  hydro-mica  schiiits 
without  minute  chemical  or  miscroscopic  investigation.  Hence  it 
must  be  understood  that  the  term  here  is  used  without  intending 
to  apply  closely  to  that  class  of  crystalline  rocks,  although  there 
can  be  no  doubt  but  the  chloritic  schists  form  an  important  group 
of  the  crystalline  strata. 

PHOSPHATES. 

APATITE. 

At  present  this  is  known  only  as  an  unimportant  ingredient  of 
the  igneous  rocks.    It  exists  not  only  in  the  trappean  beds  of  the 
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Capriferoas,  where  nesirly  every  thin-section  reveals,  under  the 
microscope,  numeroas  needle-shaped  crystals,  but  also  in  the  igneous 
djrkes  that  cut  the  rocks  of  the  so-called  Huronian  at  Thomson  and 
the  syenites  of  Sauk  Rapids.  The  well  known  fertility  of  the  soils 
derived  directly  from  the  decomposition  of  the  igneous  rocks  seems 
t:)  be  due  largely  to  the  presence  of  this  mineral. 

SULPHATES. 

BARITB. 

Bariie  is  common  in  the  northern  part  of  the  state  as  a  gangue 
rock  in  the  veins  that  have  been  explored  for  silver  and  copper, 
particularly  for  silver.  It  is  associated  with  calcite,  pyrite^ 
amethystine  quartz  and  galenite.  On  Pigeon  point  is  a  conspicu- 
ous dyke  or  vein  of  white  barite  which  crosses  from  one  side  of 
the  peninsula  to  the  other  about  one  loot  in  width.  This  has  long 
been  known,  having  been  described  by  Norwood,  an  assistant  on 
Owen's  survey. 

GYPSUM. 

This  accompanies  the  Cretaceous  rocks  in  the  western  part  of 
the  state  and  is  found  on  the  slopes  of  some  of  the  bluffs  made  of 
the  Cretaceous  shales,  as  at  Big  Stone  lake.  It  is  frequently  found 
in  perfect,  transparent,  selenite  crystals  in  the  drift-clay  in  digging 
wells  in  the  drifted  western  counties;  where  it  seems  to  have  been 
formed  by  segregation  from  the  clay. 

EPSOMITE. 

On  account  of  the  easy  solubility  of  this  mineral  it  is  not  known 
to  have  been  found  in  its  crystalliue  condition  in  the  state,  but  it  is 
in  solution  in  the  alkaline  waters  of  the  western  part  of  the  state,  in 
noticeable  amounts.  Mingled  with  some  common  salt  it  seems  to 
have  been  the  basis  on  which  the  so-called  salt  springs  of  the  state 
were  located.  It  is  also  found  on  the  lower  side  of  some  projecting 
shelves  of  magnesian  limestone,  as  a  delicate  white  efflorescence, 
the  sulphur  being  probably  derived  from  oxidation  of  pyrite.  This 
is  the  case  along  the  bluffs  of  the  Galena  limestoue  at  Mantorville 

MELAl^TERITE. 

This  is  also  a  product  of  the  oxidation  of  pyrite  or  marcasite, 
and  in  limited  quantities  exists  in  the  same  situations  as  epsomite^ 
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as  a  coating  on  the  under  surface  of  projecting  strata  of  dolomite^ 
but  its  color  is  apt  to  be  yellowish  instead  of  white. 


CHALOANTHTTB. 

This  has  not  been  identified  in  the  state,  but  undoubtedly  exists  in 
the  northern  portion.  It  results  from  the  oxidation  of  chalcopyrite 
and  is  apt  to  be  carried  away  in  solution  by  waters  that  come  in 
contact  with  it. 

CARBONATES. 

OALCITE. 

As  the  essential  and  principal  ingredient  of  all  limestones,  this 
is  an  abundant  and  very  important  mineral  in  Minnesota.  The 
only  pure  limestones,  however,  are  those  of  the  Trenton  formation 
(the  building-stone  beds)  as  seen  at  Minneapolis  and  St.  Paul,  and 
the  Niobrara  limestone  of  the  Cretaceous.  So  far  as  examined  this 
contains  a  small  percentage  of  carbonate  of  magnesia  also;  while  all 
the  others  are  highly  magnesian,  or  quite  dolomitic.  Galcite  also 
occurs  in  veins  in  the  crystalline  rocks,  where  it  sometimes  exhibits 
perfect  crystalline  forms.  At  Pigeon  point  some  perfect  specimens 
have  been  obtained  in  the  shaft  sunk  by  Kindred  and  Baker.  At 
Crystal  bay,  near  Duluth,  a  modified  red  shale  has  numerous  nests 
of  perfect  crystals  enveloped  in  a  recent  red  clay,  loosely  embraced 
in  cavities  in  the  rock.  Nail-headed  and  cockscomb  forms  of  crystals 
occur  in  the  Niobrara  beds  at  Redstone,  near  New  ITlm.  At 
Chatfield  some  of  the  calcite  in  the  Shakopee  limestone  embraces 
much  quartz-sand  in  translucent  grains,  giving  it  the  characters  of 
the  Fontainbleau  limestone  of  Prance.  Near  Caledonia  in  Houston 
county  is  a  large  deposit  of  argentine  or  lamellar  calcite,  lying  on 
the  sloping  bluff  of  the  St.  Peter  sandstone.  It  has  a  grayish-yel- 
low and  brownish,  undulating  lamination  varying  to  nearly  white. 
A  large  piece  of  the  same  once  existed  near  St.  Charles,  in  a  sim- 
ilar situation,  but  it  has  been  exhausted  for  hand-specimens.  Cal- 
careous tufa  or  travertine  is  abundant  in  Minnesota,  being  the  de- 
posit of  calcareous  spring  water.  Tt  has  been  mentioned  on  the 
east  bluff  of  the  Mississippi,  just  below  the  falls  of  St.  Anthony, 
whence  thousands  of  specimens  have  been  removed  by  visitors.  At 
Osceola,  (or  the  St.  Croix  lake),  calcareous  tufa  has  been  burnt  for 
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quicklime  for  forty  years  at  least.  Marl  is  sometimes  found  in 
swamps  and  beneath  peat  beds.  Sometimes,  as  at  St.  Cloud,  it 
shows  its  origin  by  containing,  still,  fragments  of  the  fresh  water 
shells  from  which  it  was  derived.  In  other  cases  it  is  an  impalpable, 
pulpy  mud,  which  passes  gradually  into  calcareous  clay. 

DOLOMITE. 

This  is  the  characteristic  mineral  of  the  dolomitic  limestones  of 
the  state — and  they  include  by  far  the  greater  number  of  our  lime- 
stone strata.  In  its  crystalline,  pure  form,  dolomite  is  rarely  seen 
separated  from  the  rock-masses.  Sometimes  as  brown  spar  it  is 
seen  lining  cavities  or  associated  with  calcite  in  geodic  aggrega- 
tions, as  at  St.  Lawrence. 

AKKBRITE. 

This  is  simply  a  ferruginous  dolomite,  and  has  been  reported 
only  from  the  St.  Lawrence  limestone  at  Clear  Grit,  in  Fillmore 
county,  where  it  fills  cavities  in  the  limestone.  It  there  has  a 
sligr.tiy  grayish  color. 

BIDERITE. 

This  is  fouad  in  occasional  loose  boulders  in  the  drift,  more  or 
less  converted  to  limonite  in  the  condition  of  clay  iron-stone.  In 
this  form  its  origin  is  referable  to  either  the  Cretaceous  (or  Tertiary), 
or  to  the  Devonian  strata.  Such  lumps  occur  abundantly  at 
Austin,  and  are  easily  recognized  by  their  weight.  In  a  purer 
state  it  has  been  found  filling  cavities  in  other  boulders,  somewhat 
in  the  form  of  an  amygdaloid,  the  outer  surfaces  becoming  spotted 
with  limonitic  depressions,  due  to  the  weathering  out  of  the 
siderite  after  its  conversion  to  an  oxide.  The  boulders  that  are 
thus  marked  are  quartzitic.  As  a  pure  carbonate  it  is  found  in 
important  quantities  in  the  iron  strata  of  the  Mesabi  range,  in 
northern  Minnesota. 

MALACHITE 

Occurs  sparingly  in  numerous  instances  in  connection  with  the 
Cupriferous  rocks  of  the  state,  in  the  lake  Superior  region.  It  is 
found  also  at  Taylor's  Falls  and  at  Chengwatana,  as  coatings  on 
the  protected  surfaces  of  seams  in  the  rock. 
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HYDKO-CARBON  COMPOUNDS. 
MINERAL  COAL. 

That  which  is  popularly  known  as  *'  coal "  in  Minnesota  and  in 
Dakota,  is  lignite  or  "  brown  coal "  from  the  Cretaceous,  or  from 
the  Tertiary.  It  embraces  not  only  impressions  of  woody 
fiber,  but  frequently  considerable  undecayed  wood  as  well  as 
charcoal,  which  shows  the  grain  and  cellular  structure  of  the  orig- 
inal wood.  The  best  of  it,  however,  is  clean,  black,  amorphous 
and  hard.  On  drying,  this  cracks  in  innumerable  places  and 
slowly  crumbles  to  finer  pieces,  and  these  again  to  finer — a  quality 
which  renders  it  difficult  to  transport  on  cars  or  handle  for  fuel 
because  of  the  waste.  It  occurs  in  the  Cretaceous  strata  at  Red- 
wood Falls,  on  Crow  creek,  at  Fort  Kidgely,  and  on  the  Cottonwood 
river  southwest  of  New  Ulm,  and  has  been  found  in  the  drift  in 
nearly  every  county  in  the  state.  It  also  occurs  at  Namekan  lake, 
on  the  northern  boundary.  These  strata  are  frequently  penetrated 
in  sinking  deep  wells  in  western  Minnesota  and  in  Dakota. 
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II. 

THE    CRYSTALLINE  ROCKS  OF   MINNESOTA. 

By  A.  Strbs^g,  of  Giessen,  and  J.  H.  Kloos,  of  Hanover. 

r Extracted  from  the  Neues  Jahrbuchfur  Mintralogie,  1877.] 
TRANiUTED  BY  N.  H.  WINCHBLL. 

The  following  work  has  been  performed  by  us  both,  bat  in  such 
a  manner  that  the  one  who  gathered  the  rock-samples  has  de- 
scribed the  outward  appearance  and  manner  of  stratification,  and 
the  other  has  labored  on  their  mineralogical,  microscopical  and 
chemical  investioration. 

In  respect  to  the  nomenclature  of  the  rocks,  it  should  be  re- 
marked at  the  outset  that  it  was  not  our  intention  to  create  new 
rock  species,  and  that  consequently  it  became  necessary,  in  the 
changing  condition  of  petrography,  brought  about  by  the  micro- 
scope, to  select  designations,  which,  it  is  true,  are  in  accord  with 
the  old  system  of  nomenclature  hitherto  used,  but  at  the  same  time 
express,  although  briefly,  that  which  distinguishes  the  rocks  ex- 
amined from  those  hitherto  known.  More  extensive  investigations 
only  will  be  sufficient  to  determine  whether  the  newly  named 
rocks  should  be  regarded  as  special  rock-species  or  only  as  varieties 
of  those  to  which  they  are  most  nearly  related.  If,  for  instance,  a 
dioryte  which,  besides  hornblende,  contains  an  augitic  mineral, 
shall  be  designated  an  augiU-dioryte  (if  exact  observations  and  in- 
vestigations shall  point  to  another  dioryte)  whether  the  presence 
of  augite  is  a  common  property  of  dioryte,  or  whether  it  is  limited 
to  a  few  rocks,  which,  in  that  case,  can  be  set  off  from  the  true 
diory  tes  as  a  distinct  rock.  We  regard  these  names  therefore  only 
as  provisional  designations. 
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GENERAL  DE6CKIPTI0N  OF  THE  APPEAR AKOE  OF  THE  ROCKS. 

The  crystalliDe  rocks  which  form  the  basis  of  this  work  were 
derived  partly  from  the  upper  course  of  the  Mississippi  river,  and 
one  of  its  tributaries  known  as  Sauk  river,  partly  from  the  western 
extremity  of  lake  Superior  and  near  the  mouth  ot  the  St.  Louis 
river,  and  partly  from  the  St,  Croix  river,  on  the  boundary  between 
the  states  of  Minnesota  and  Wisconsin. 

If  one  reach  the  shore  of  the  great  Mississippi  above  Prairie  du 
Chien,  in  the  state  of  Wisconsin,  by  any  one  of  the  railroads  lead- 
ing from  the  east,  he  notices  immediately  on  both  sides  of  the 
wide  valley,  perpendicular  walls  of  sandstone  which  are  capped 
with  layers  of  dolomite  of  little  thickness.  These  are  the  western 
representatives  of  the  Lower  Silurian  formations  named  Fotsiam  and 
C'afc?/e?ow«  sandstones  in  New  York  state.  David  Dale  Owen  has 
distinguished  them,  in  his  geological  report  for  the  year  1952,  as 
Lower  sandstone  of  the  upper  Mississippi,  and  Lower  Magnesian 
limestone. 

As  one  ascends  the  river  toward  the  state  of  Minnesota,  gradu- 
ally the  sandstone  disappears,  cut  through  in  many  ways  by  the 
streams  and  tributary  rivers,  so  that  by  the  time  the  St.  Croix  river 
is  reached  the  banks  consist  entirely  of  layers  of  dolomitic  lime- 
stone. These  also  have  a  slight  northern  dip,  and  give  place,  in 
the  neighborhood  of  St.  Paul,  to  the  next  higher  members  of  the 
Silurian,  the  St.  Peter  sandstone  and  the  Upper  Magnesian  lifne- 
stone.  The  latter  has  been  determined  to  be  the  undoubted  equiv- 
alent of  the  Trenton  limestone,  or  Llandeilo  flags  of  England,  by 
its  numerous  organic  remains.  The  whole  range  of  strata,  through 
which  one  passes  between  Prairie  du  Chien  and  St.  Paul,  the*  end 
of  steamboat  navigation  on.  the  Mississippi,  belongs  therefore  to 
the  oldest  fossiliferous  formations. 

From  here  heavy  layersof  diluvium  (the  drift'formation  of  North 
America)  cover  all  the  older  rocks,  and  other  outcrops  are  found 
only  at  75  (English)  miles  higher  up  the  river.  Here,  however, 
the  rocks  are  crystalline,  and  appear  in  low  ranges,  which  fall 
away  gradually  toward  the  land  and  disappear  in  swamps  or  sandy 
prairies.  Here  the  Mississippi  flows  over  an  extent  of  20  miles* 
through  heavy  crystalline  rocks,  with  numerous  windings  and 
angles;  further  north  is  encountered  a  similarly  wide  zone  of  meta- 
morphic  schist — mica,  talc  and  clay  slates — and  of  gneiss-like 
rocks. 

*  In  this  paper  English  miles  are  always  meant. 
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This  system  of  rocks  corresponds  to  the  Lauren tian,  aud  in  the 
northern  part,  probably  to  the  Huronian  formation.  It  consists 
in  great  part  of  the  most  diversified  granitic,  syenitic,  dioritic  and 
gabbro-like  rocks,  while  th;^y  seem  to  lack  diabase  entirely.  Here 
belong  the  rocks  from  St.  Cloud,  Sauk  Rapids,  Watab  and  Little 
Falls,  which  below  are  fully  described.  It  is  remarkable  that  to 
the  south  from  this  zone  of  massive  rocks  there  are  no  schists  in 
outcrop,  though  it  is  probable  that  they  are  covered  by  the  drift 
which  constitutes  the  greater  part  of  the  surface  of  Minnesota  and 
attains  to  a  considerable  thickness. 

In  the  neighborhood  of  St.  Cloud  the  Sauk  river  empties  into 
the  Mississippi.  It  has  its  rise  in  the  lake^  of  northwestern  Min- 
nesota, and  flows  in  its  lower  part,  diagonally  across  the  zone  of 
Laurentian  rocks  a  distance  of  25  miles.  These  here  constitute 
long,  but  low  ranges  of  hills,  generally  covered  by  thick  forests, 
but  actually  appear  only  in  small  areas  in  the  river  itself.  Here 
the  water  flows  rapidly,  causing  everywhere  little  water-falls  and 
rapids.  If  one  goes  back  from  the  shores  of  the  river,  the  hills 
flatten  out,  aud  every  trace  of  the  older  rocks  disappears  at  once, 
under  a  heavy  covering  of  debris  and  drift.  From  this  region  are 
derived  the  rocks  from  the  west  of  St.  Cloud,  from  Rockville,  Gold 
Spring  and  Richmond. 

Beyond  the  latter  point  the  zone  of  the  crystalline  rocks  cannot 
be  traced,  and  at  the.  same  time  here  begins  the  area  of  the  western 
prairies.  The  river  cuts  but  few  feet  into  the  table-land,  and 
affords  no  more  outcrops  of  rock.  From  here  one  can  travel  all 
day  in  a  westerly  direction  without  seeing  anything  but  deposits 
of  drift,  either  of  sand  or  clay,  perfectly  flat  and  without  fossils,  or 
somewhat  greater  accumulations  of  gravel  and  boulders,  which 
latter  are  always  to  be  seen  in  great  quantities  about  the  shores  of 
the  numerous  lakes.  So  far  as  known  to  me,  solid  rock  is  exposed 
at  but  one  point  west  of  Richmond.  In  the  thriving  little  town 
of  Sauk  Center,  peopled  mainly  by  Germans,  I  learned  that  stone- 
quarries  had  lately  been  opened  in  the  neighborhood.  The  place 
lies  43  miles  west  from  the  Mississippi.  At  a  distance  of  i  mile 
south  from  the  town  can  be  seen  a  gentle  elevation  extending  from 
northwest  to  southeast.  On  approaching  this,  one  sees  the  soil 
and  drift  thrown  out,  and  a  little  stone-quarry  opened  in  two 
wholly  different  crystalline  rocks — one  a  granite  of  a  red  color  and 
somewhat  gneissic  texture,  and  the  other  a  dark  rock  which  in  an 
earlier  work*]  distinguished  as  a  diabase,  but  which  now  is  known 

*  J.  11.  KIoob:    a  Ortiaceoua  hoHn  in  the  SavkvaUey,  Hinnuota;  Danaaod  SUliman'a  Jour- 
nal, 1872.  p.  '26. 
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as  a  dioritic  rock,  and  in  our  special  inv^estigation  of  these  rocks, 
is  proved  to  be  a  quartz-dioryte  (No.  14), 

As  concerns  now  the  outcrops  of  the  separate  rocks  which  are 
fully  described  in  this  work,  thesyenitic-granite  (No.  20)  is  derived 
from  St.  Cloud  and  from  Sauk  Rapids  (Nos.  18  and  19),  and  was 
designated  as  such  in  an  earlier  paper.§  They  constitute  some- 
times rounded,  somewhat  elongated,  gently  rising  hills,  the  inter- 
vals between  them  being  filled  with  diluvial  deposits,  and  some- 
times low  reefs  in  the  river  bed,  or  isolated  knobs  in  the  swampy 
lowlands  along  the  river.  The  rapids  in  the  Mississippi  above 
St.  Cloud,  known  as  Sauk  Rapids,  are  caused  by  syenite-granite. 
In  the  village  so  named  may  be  seen  in  the  syenite-granite  three 
parallel  small  dykes  of  black  melaphyr  (No.  4)  which  also  can  be 
followed  to  the  opposite  shore;  but  hare  they  are  not  in  the  syenite- 
granite,  but  penetrate  a  beautiful,  exceedingly  hard,  syenitic 
granite-porphyry. 

Six  miles  further  north,  at  the  small  town  of  Watab  (already 
half  forgotten)  several  fine  rocks  outcrop.  The  hills  here  rise 
higher  and  are  larger  and  the  rocks  rougher  and  wilder;  unfortu- 
nately the  region  is  heavily  wooded,  and  only  at  isolated  points 
could  the  rocks  be  freshly  broken.  From  Watab  were  examined 
and  described:  augite-quartz-dioryte,  (Nos.  16  and  17)  syenite- 
granite  (No.  2?),  and  a  melaphyr-like  rock  (No.  6),  The  white 
granite  from  Watab  described  in  the  Geological  Notes  on  Minne- 
sota (see  above)  is  different  from  these,  and  outcrops  only  to  a 
small  extent.  Furthermore  the  outcrops  here  are  too  limited  to  en- 
able one  to  judge  of  the  relations  of  the  rocks  to  each  other.  One 
gets  the  impression,  however,  on  the  spot,  that  the  coarse-grained 
granitic  rocks  penetrate  through  the  fine-grained  hornbi  etidic 
rocks  in  the  manner  of  dykes.  Certainly  that  is  the  case  at  one 
spot  where  a  fine-grained  hornblendic  rock,  which  besides  two 
kinds  of  feldspar  contains  quartz  and  mica,  is  penetrated  by  very 
small  granite  dykes  and  veins. 

At  the  village  of  Little  Falls,  which  in  part  is  inhabited  by  In- 
dian half-breeds,  the  Mississippi  reaches  a  slaty  formation  and 
forms,  in  passing  over  the  outcropping  beds,  a  series  of  rapids 
which  produce  a  superior  water-power,  while  the  banks  of  the  river 
here  are  high,  and  the  channel  is  narrowed  by  a  number  of  small 
islands  through  which  opportunity  is  afforded  for  improvement 
by  dams  and  locks.    Inasmuch  as  the  water  generally  has  taken 

2  Geological  notes  on  Minnesota.  Zeit.  d.  d  geol.  Ges.  1871  p.  428;  Tenth  annual  report 
of  the  geol.  and  uat.  hisLsur.  Minn.  1861,  p.  176. 
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the  direction  of  the  strike  of  the  rock-beds,  it  is  difficult  to  deter- 
mine the  thicknebs  of  this  slaty  formation.  It  must  however  be 
very  considerable.  From  a  number  of  observations^  at  various 
places  I  ascertained  the  strike  of  the  bedding,  N,  36®  to  N.  40^,* 
the  dip  toward  the  NW.  65®  to  72®,  while  on  the  other  hand  the 
slatiness  has  a  dip  in  the  opposite  direction  at  an  angle  of  70®  to 
80®.  The  nature  of  the  beds  is  changeable,  both  in  the  direction 
of  the  strike  and  in  the  dip.  Roofing-slates  are  widely  disseminated: 
north  from  this  place  mica-schists  prevail ;  toward  the  south  the 
beds  assume  the  character  of  a  fine-grained  gneiss,  which  is  inter- 
bedded  with  layers  of  a  beautiful  angite-diory te  ( Nos.  9,  10,  11, 
and  12 ).  The  first  outcrops  of  this  rock  appear  somewhat  down 
the  river,  southwest  from  the  village  at  the  mouth  of  a  little 
creek.  They  are  twelve  to  fifteen  feet  high,  and  show  the  augite- 
dioryte  variously  developed.  In  the  creek,  farther  up,  rocks  come 
to  light  which  have  a  somewhat  different  character.  They  are  de- 
scribed further  on  as  augite-dioryte  No.  13.  In  what  relation  these 
rocks  stand  to  each  other  could  not  be  determined. 

In  the  crystalline  roofing-slates  at  Little  Falls  are  small  lenticu- 
lar parts,  a  loot  in  size,  of  a  crystalline  rock  which  was  analyzed, 
and  below  is  designated  a  quartz-diory te  ( No.  15 ). 


a.    Crystalline  sohints.  b.    Quartz-dioryte. 


c.    Drusy  quarts. 


This  woodcut  shows  the  appearance  of  these  septaria  of  quartz- 
dioryte  in  the  slates.  They  reach  quite  frequently  a  length  of  sev- 
eral feet.  The  rock  contains  little  garnets  disseminated  through 
it,  which  along  the  margins  of  the  septaria  are  in  greater  abun- 
dance. When  the  septaria  are  large  they  have  a  cavity  in  the 
center,  the  sides  of  which  are  very  often  clothed  with  crystals  of 
quartz.    The  slates  bend  completely  round  the  septaria. 

Whether  the  slate  formation  here  described  must  be  reckoned 
as  a  part  of  the  Lauren tian  formation,  or  of  the  Huronian,  must 
remain  undecided.  In  any  case  it  presents  a  totally  different  cha- 
racter from  the  syenitic  knobs  at  St.  Cloud  and  Watab,  and  the 
slates  appear  not  to  have  any  connection  at  all  with  them. 

*  Whether  to  the  eaat  or  west  of  north  the  author  does  not  state.— J7.  IT.  W. 
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Toward  the  north- from  Little  Falls  the  firm  rocks  immediately 
disappear  again  under  a  heavy  covering  of  sand  and  gravel.  The 
banks  of  the  river,  which  are  in  general  heavily  wooded,  nowhere 
alFord  any  outcrops  of  rock.  The  first  rocky  layers  that  are  seen, 
are  much  further  toward  the  north,  at  the  well-known  Pokegoma 
falls,  and  consist  of  banks  of  granular  sandstone. 

If  one  pursues  the  road  from  St.  Cloud  which  leads  up  the  fer- 
tile valley  of  the  Sauk,  ( in  which  very  many  Germans  are  settled ) 
he  finds  the  first  outcropping  rock  in  the  woods,  three  and  a  half 
miles  west  of  the  town,  at  a  point  where  the  road  first  reaches  the 
river.  It  is  a  medium-grained  syenite-granite,  of  a  reddish  color, 
with  a  structure  somewhat  porphyritic.  Granitic  rocks  now  remain 
a  constant  object  in  sight,  sometimes  in  the  bed  of  the  river,  and 
sometimes  in  the  wooded  blufis  along  both  shores.  The  finest 
outcrops  are  found  by  a  little  village  named  Cold  Spring,  fifteen 
miles  from  St.  Cloud.  Here  the  river  has  cut  through  a  nearly 
parallel  range  of  hills,  the  strike  of  which  is  about  east  and  west. 
A  finely  granular  porphyritic  granite  changes  to  a  very  coarse- 
grained syenite-granite.  The  latter  in  this  region  is  very  widely 
distributed,  and  extends  even  to  Richmond. 

The  village  of  Richmond  lies  on  a  little  sandy  but  well-tilled 
prairie,  which  on  all  sides  is  surrounded  by  high,  wooded  hills. 
Here  appear  Cretaceous  beds  in  some  thickness,  and  the}*^  have  a 
character  which  unites  them  with  those  on  the  upper  Missouri. 
The  plastic  clays  of  the  Cretaceous  rest  immediately  upon  kaolin- 
ized  granite.  In  the  vicinity  of  Richmond  is  abundant  oppor- 
tunity to  examine  the  coarse-grained  granite  in  its  relation  with 
the  augite-dioryte.  For  a  mile  southeast  of  the  village  are  knobs 
of  this  rock  in  the  immediate  neighborhood  of  granite ;  and  in 
the  same  region,  a  little  farther  away,  is  a  stone  quarry  where,  as 
the  following  woodcut  shows,  the  dark,  fine-grained  augite-dioryte 
is  overlain  by  a  coarse-grained  much  weathered  granitic 

The  bed  c,  which  rises  up  so  as  to  form  a  terrace,  consists  of  a 
firm,  hard-weathering  rock,  and  dips  toward  the  hill  at  an  angle 
of  about  45°,  passing  under  the  granite.  It  isexposed  a  thickness 
of  about  ten  feet.  The  line  of  contact  with  the  granite  is  covered 
with  a  lot  of  decayed  debris  from  the  granite.  Under  the  bed  b 
the  granite  cannot  be  found,  inasmuch  as  the  rock  has  been  laid 
bare  and  followed  only  so  far  as  it  has  proved  useful  for  building 
stone  ;  but  it  is  very  probable  that  the  augite-dioryte  exists  in  the 
granite  in   the  form  of  a  dyke.     Similar  appearances  were  fre- 
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a-    Granite. 

6.    Debris  from  the  easily  weathered  granular  granite. 

c    Augite  dioryte,  forming:  an  evident  terrace-like  bench. 

quently  encountered  in  the  surrounding  fields  and  farms ;  the 
augite-dioryte  here  is  certainly  so  displayed  that  it  must  be  styled 
a  dyke  cutting  through  the  granular  granite. 

We  pass  now  to  the  description  of  the  field-appearances  of  those 
rocks  which  were  procured  from  the  neighborhood  of  lake  Su- 
perior. 

The  St.  Louis  river  rises  in  northeastern  Minnesota,  south  of 
Vermilion  lake,  in  a  region  of  granite,  gneiss  and  crystalline  slates, 
which  form  a  branch  from  the  Laurentian  formation  as  it  is  dis- 
played in  the  region  north  of  lake  Superior.  Shortly  before  the 
river  empties  into  lake  Superior  it  makes  a  sharp  turn  toward  the 
east,  and  here  passes  through  a  picturesque,  heavi I v- wooded  re- 
gion known  under  the  name  of  *'the  dalles  of  the  St.  Louis  river. "^ 
The  water  has  broken  through  the  steeply  tilted  slates,  and  rushes 
over  them  in  a  long  series  of  the  most  romantic  falls  and  rapids; 
in  the  distance  of  a  few  miles  the  descent  of  the  water  amounts  to 
370  feet. 

The  beds  consist  of  a  series  of  roofing-slates  and  of  a  gray  fine* 
grained  rock  which  at  first  glance  seems  to  be  a  darkquartzyte,  or 
a  fine-grained  graywacke  sandstone,  the  more  exact  nature  of 
which  it  is  however  not  possible  to  state.  This  formation,  which 
occupies  a  great  extent  of  country,  forms,  very  probably,  the  rep- 
resentative of  the  Huronian  as  it  has  been  described  in  northern 
Michigan,  by  H.  Credner.*  Further  down  the  valley,  toward  lake 
Superior,  the  lower  part  of  the  Potsdam  sandstone  lies  i)i  uncon- 
formable position  on  the  outcropping  knobs  of  these  old  schists. 

Going  by  the  Lake  Superior  <&  Mississippi  railroad  to  the  foot 
ot  the  plateau  which  locks  in  the  mouth  of'  the  St.  Louis  river 
(which  here  spreads  very  widely)  one  beholds  high  cliffs  of  a  coarse- 
grained rock.  It  is  known  under  the  name  of  Duluth  granitey 
and  as  such  it  is  far  and  widely  distributed,  and  is  worked  into 
monuments.    This  rock  has  been  designated  in   Geological  note9 

*  Compare  Zeit  d   d.  geol.  Qesel.  1871.  p.  438;  and  Credner*s  article,  1869,  p.  52  j 


Digitized  by  VjOOQIC 


STATE  QEOLOQIbT.  37 

on  Minnesota  a  gabbro,  or  hyperatheayte,  and  has  received,  in  the 
following  descriptions,  the  name  hornblende-gabbro  (No.  6.) 

The  distance  from  the  highway,  where  the  rock  is  very  finely 
exposed,  to  the  most  westerly  point  of  lake  Superior,  may  amount 
to  a  mile  and  a  half  or  two  miles,  on  the  side  of  the  hill,  and  upon 
the  alluvium  of  the  river  at  the  foot  of  it,  has  been  established 
within  a  few  years  a  new  city  which  has  acquired  a  considerable 
renown  as  the  beginning  point  of  the  Northern  Pacific  railroad, 
under  the  name  of  Duluth.  In  the  vicinity  of  Duluth  which  was 
originally  covered  with  heavy  forest,  only  imperfect  obsdrvations 
-could  be  made  a  few  years  ago,  yet  enough  to  convince  one  that 
here  the  crystalline  rocks  greatly  prevail,  and  that  the  old  sedi- 
mentary rocks  are  entirely  wanting. 

The  leading  variety  of  rock  at  Duluth,  which  is  washed  by  the 
waves  of  the  lake,  has  already  been  described  as  a  porphyry.*  This 
rock  now,  after  a  searching  investigation,  has  received  the  name 
of  melaphyr-porphyry  (No.  1.)  In  some  places  it  changes  to  a 
beautiful  amygdaloid,  but  without  showing  at  auy  place  a  sharp 
line  of  separation.  Besides  the  hornblende-gabbro  and  the 
melaphyr-porphry,  there  is  still  a  third  rock  at  Duluth,  which  is 
separated  from  the  melaphyr-porphry  by  a  sharper  boundary.  It 
was  seen  only  in  a  little  quarry,  and  is  certainly  also  a  melaphyr 
{No.  3),  although  of  a  darker  color,  aud  similar  to  those  small  dykes 
which  cut  through  the  syenite-granite  and  granite-porphyry  on 
the  Mississippi  at  Sauk  Rapids.  At  the  point  of  contact  with  the 
melaphyr-porphyry  it  becomes  firm  and  compact;  at  a  distance 
from  it  it  has  a  middling  coarse,  granular  structure,  and  the  lines 
of  the  striated  feldspar  can  be  seen  without  difficulty. 

The  rocks  at  the  western  end  of  lake  Superior  belong  without 
•doubt  to  the  age  of  the  Potsdam  sandstone,  and  form  a  part  of  the 
solidified  outflows  of  basic  crystalline  rock  which  took  place  at  the 
ond  of  the  Huronian  and  at  the  beginning  of  the  Silurian  ages. 
They  are  to  be  compared  to  the  dykes  and  overflows  of  basalt  and 
-doleryte  which  took  place  in  later  times,  and  which  can  be  traced, 
in  the  western  part  of  the  American  continent,  over  extensive 
areas. 

On  the  St.  Croix  river,  the  boundary  between  the  states  of  Min- 
nesota and  Wisconsin,  at  a  distance  of  100  miles  from  the  last  de- 
scribed locality,  appears  a  similar  melaphyr-porphyry  (No.  2), 
which  lies  immediately  below  the  sandstone  and  conglomerate  of 

*Z.d.d.  fif.  Q.  1871,  p.  441.  and  the  ninth  report  of  the  Minnesota  geological  survey. 
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the  age  of  the  Lower  Silurian.  In  conjunction  with  these  it  form» 
here  a  narrow  valley,  which  on  account  of  the  romantic  forms  of 
its  cliffs  attracts  there  yearly  many  tourists.  It  bears  the  name  : 
Dalles  of  the  St.  Croix  river.  The  bedded  rocks  have,  in  great 
numbers,  Lingula  antiqua  and  prisca^  as  well  as  Orbicula  prima, 
and  the  small  bucklers  of  Gonocephalus,  and  these  fossils  are 
altogether  unchanged  in  the  granular  sandstone  which  lies  imme* 
diately  on  the  nielaphyr-prophyry.  The  presence  of  an  evidently 
hedded  conglomerate  consisting  of  great  water- worn  masses  from 
the  latter  rock,  which  in  the  neighborhood  of  the  town  of  Taylor's 
Falls  underlies  unconformably  the  sandstone,  points  to  the  Huro- 
nian  age  of  this  melaphyr-prophyry,*  It  difiFers  from  that  of  lake 
Superior  only  in  color.  This  forms  frequently  an  amygdaloid  in 
which  the  cavities  are  filled,  it  is  true,  solely  with  quartz,  while 
the  amygdaloids  of  lake  Superior  exhibit,  in  connection  with  a 
more  changed  groundmass,  also  calcite,  epidote  and  a  crumbling 
mineral  rich  in  iron  and  manganese,  in  the  amygdaloidal  cavi- 
ties. 

We  will  now.  at  the  close  of  this  brief  account  of  the  appear- 
ance in  the  field  of  these  crystalline  rocks,  which  we  are  about  to 
describe  further,  bring  together  concisely,  for  the  purpose  of  quick 
classification,  observations  made  concerning  their  Age,  viz  :  The 
granite,  syenite-granite,  syenite-granite-porphyry  and  the  augite- 
granite,  as  well  as  the  quartz-diory te  and  the  augite-quartz-dioryte 
in  the  Mississippi  region,  probably  all  belong  to  the  Laurentaia 
formation  ;  while  the  hornblende-gab bro  and  melaphyr-porphyry 
of  lake  Superior,  and  from  the  St.  Croix  river,  are  to  be  ranked  in 
some  later  period,  and  probably  to  the  end  of  the  Huronian  and 
beginning  of  the  Silurian. 

SPECIAL    DESCRIPTION  OF  THE    ROCKS. 

Bt/  A.  Streng. 

These  crystalline  rocks  from  Minnesota  can  be  divided,  from  a 
petrographic  standpoint,  into  seven  rock-species  : 

1.  Melaphyr.  These  are  basic,  augitic  rocks  free  from  horn- 
blende. 

2.  Basic  rocks,  which,  besides  hornblende,  contain  much  evi- 
dent dialla£:e  as  well  as  a  great  deal  of  magnetic  and  titanic  iron. 
These  are  distinguished  as  Hoknblende-oabbro. 

*  Compare  Zeii.  d,  d.  g.  0. 1871,  p.  433.  Here  this  rock  is  likewise  distinflruished  as  por- 
phyry. 
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3.  Basic  rocks  which  are  like  the  foregoing  in  their  mineralogi- 
cal  composition,  and  besides  very  much  hornblende  contain  some 
diallage,  which,  however,  for  the  most  part,  is  intimately  asso- 
ciated with  the  hornblende.    These  are  distinguished  as  Augitb- 

DIOETIB. 

4,  Quartzose  dioryte,  without  aagite — Quaktz-diorytb — this 
is  a  siliceous  more  wide-spread  species  of  rocks. 

6.  Quartzose  diory tes  with  augite,  are  also  wide-spread  siliceous 
rocks,  and  are  designated  Augite-quartz-dioryte. 

6.  Hornblendic  granites  are  grouped  under  the  name  Syenite- 
granite. 

7.  Granite,  /.  e,  without  hornblende. 

I.    MELAPHYRS. 

The  melaph>rs  appear  in  two  varieties  : 
(a.)     Melaphj/r-jmrphyry, 
(b.)    Compact  or  granular  melaphyr, 

(a)    Melaphyr- porphyry  (epidote-melaphyr  ) 

This  rock  is  found  in  outcrop  in  two  places,  viz:  at  Duluth  on 
lake  Superior,  and  on  the  St.  Croix  river  on  the  boundary  between 
Minnesota  and  Wisconsin. 

1.  Melaphyr-porphyry  from  Duluth, — The  freshest  of  these 
rocks  is  on  a  hand-sample  in  which  it  appears  along  with  a  com- 
pact raelaphyr  and  is  sharply  separated  from  it.  Unfortunately 
there  was  present  only  so  small  a  piece  of  this  contact  rock  that  an 
analysis  of  it  could  tiot  be  made.  The  other  specimens  which  had 
been  exposed  to  the  disintegrating  and  changing  effect  of  penetra- 
ting water,  are  not  so  fresh  as  this,  and  contain  almost  uniformly, 
epidote,  while  the  before-mentioned  contact-rock  is  free  from  it. 

This  rock  consists,  rcacroscopically,  when  in  fresh  condition,  of 
a  nearly  black,  or  dark-green,  groundmass,  which  is  fine-grained 
and  very  compact,  but  which  when  less  fresh  is  of  a  dark  greenish- 
brown  color,  with  numerous  porphyritic  bands,  and  contains  the 
following  minerals: 

(1)  A  triclinic  feldspar  in  elongated  separate  crystals,  5-15 
mm.  long,  and  from  0,5  to  3  mm.  wide,  flesh-red  to  colorless, 
brightly  glistening,  and  strongly  striated.  Generally  a  crystal- 
grain  consists  of  several  rather  wide  bands,  the  first  of  which 
grows  together  with  the  second,  and  this  again  with  the  third,  etc. 
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according  to  the  rule:  "The  twinning  axis  the  principal  axis." 
The  first,  third  and  fifth  bands  have  consequently  the  same  position 
with  respect  to  each  other,  as  well  as  the  second,  fourth  and  sixth; 
but  the  first  group  stands  to  the  second  in  the  relation  of  the  abofe 
mentioned  twinning-law.  The  cleavage  surface  oP  therefore  re- 
flects light  in  the  bands  1,  3  and  5,  all  at  the  same  time,  while  the 
bands  2,  4  and  6  do  not  reflect.  But  each  separate  band  consists 
again  of  a  great  number  of  very  fine  lamellae  which  stand  to  each 
other  on  the  plane  oopco  according  to  the  law — ''the  twinning 
axis  anormalf*  it  is  the  usual  polysynthetic  twinning  of  the  tri- 
clinic  feldspars.  The  principal  cleavage  surfaces  appear  therefore 
striated,  and  the  striation  is  parallel  to  the  twinning  lines  which 
the  broad  bands  make  in  conformity  to  the  other  law  of  increase. 
Sometimes,  though  rarely,  a  striation  of  the  plane  oP  cannot  be 
seen  ;  that  this  non-striated  plane  is  actually  oP,  can  easily  be 
discovered,  so  long  as  the  crystal  concerned  exhibits  a  Carlsbad 
twinning.  But  these  few  non-striated  instances  differ  in  no  re- 
spect from  the  other  triclinic  feldspars,  inasmuch  as  in  them  the 
striation  is  frequently  too  dim  to  be  distinguished.  Furthermore 
there  appear  isolated  crystals  of  a  sharply  defined  outline,  regularly 
six-sided,  which  show  no  striation  on  their  cleavage  planes,  and 
from  their  somewhat  different  luster  appear  to  be  a  different  feld- 
spar, and  probably  consist  of  orthoclase. 

(2)  Far  less  frequent  are  angular,  isolated,  crystals,  of  diame- 
ters up  to  7  mm.,  of  a  dark  greenish-black  color,  which  consists  of 
a  granular  aggregate  of  a  chlorite-Iike  mineral.  They  are  tolera- 
bly soft,  and  have  a  bright  greenish-gray  streak.  Unfortunately 
in  the  freshest  of  the  rock-samples  nothing  of  this  aggregate  was 
to  be  seen.  Sometimes  little  grains  of  iron  pyrite  are  set  in  it. 
This  chloritic  mineral  is  here  evidently  the  product  of  change  from 
some  earlier  existing  mineral. 

( 3)  Associated  with  this  dark-green  mineral  and  often  bound 
up  within  it,  is  also  found  at  present  a  bright,  greenish-yellow  one, 
which  consists  of  a  group  of  small  glittering  individuals  which 
must  be  considered  epidote.  Sometimes  epidote-clusters,  however, 
have  become  quite  soft  through  chatige  ;  and  there  are  now  parts 
of  the  rocK  so  changed  that  they  contain  these  bright  greenish- 
yellow,  softened  masses,  in  great  numbers.  This  epidote  pene- 
trates everywhere  into  the  dark-green  mineral,  and  it  seems  almost 
as  if  it  were  a  product  of  change  of  the  latter.  In  the  freshest  of 
the  altered  rocks  it  is  not  found. 
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(4)  Frequently  there  are  black  grains  that  have  a  greasy  or 
metallic  luster  and  a  conchoidal  fracture.  These  might  be  either 
magnetic  or  titanic  iron.  In  order  to  relieve  this  doubt,  the  finely 
powdered  rock  was  subjected  to  a  systematic  washing-pro  jess,  from 
which  was  obtained  a  black,  metallic,  perfectly  magnetic  residue. 
This  was  dissolved  with  acid  potassium-sulphate,  the  solution  was 
treated  with  cold  water,  and  the  filtered  solution,  containing  sul- 
phuric to  saturation,  was  boiled,  b'rom  this  there  arose  scarcely  a 
trace  of  turbidity,  so  that  the  mineral  is  not  titanic  iron,  but  mag- 
netite, of  which  sometimes  the  octahedral  form  can  be  seen. 

Sometimes  this  rock  has  the  form  of  an  amygdaloid,  in  which  the 
irregulariy  shaped  amygdules  consist  of  more  or  less  weathered? 
fine-grained  clusters  of  epidote  near  the  surface,  and  have  a 
compact  central  portion  of  a  larger  feldspathic  crystal,  or  are 
filled  sometimes  with  quartz.  Generally  these  amygdules  are  not 
so  distinctly  limited  as  those  of  most  melaphyrs.  Other  roundish 
inclosures  consist  of  an  aggregate  of  two  minerals — one  clear,  and 
the  other  entirely  black  but  affording  a  reddish-brown  streak; 
both  are  so  weathered  that  they  cannot  be  determined. 

The  microscopic  examination  gave  the  following  : 

(1.)  The  fieldspars  appear  sometimes  mixed  through  the  ground- 
mass,  and  sometimes  in  larger  enclored  grains.  Between  crossed 
Nicols  they  are  very  plainly  and  sharply  striated.  But  seldom 
are  any  wholly  non-striated  feldspars  to  be  seen.  Their  color  is 
light-brown,  although  the  crystals  are  for  the  most  part  filled  with 
substances  of  other  colors,  namely  : 

(a)  Clear-brown  or  gray,  exceedingly  fine  grains  which  permeate 
the  feldspar,  and  color  it  brown.  Only  exceptionally  is  the  feld- 
spar free  from  them;  and  it  appears  then  colorless;  especially 
is  this  the  case  in  the  farthest  parts. 

(b)  Clear,  bluish-green  scales,  grains  and  needbs  of  the  augitic 
portion  of  the  groundmass. 

(c)  Bright  yellow  or  gi  ayish-green  epidote  in  irregular,  angular 
aggregations  or  crystals,  but  which  are  wanting  in  the  freshest  por- 
tion oi  the  rock. 

(d)  Here  and  there  lie  black  clusters  of  irregular  grains  of  mag- 
netic iron. 

{e)  Little  fluid-inclusions  sometimes  appear,  containing  movable 
bubbles. 

(2)  Only  in  the  freshest  portions  of  the  groundmass  are  to  be 
seen  crystals  of  pure  unchanged  augite.  It  is  colorless  to  light- 
brown,  but  colored  a  light-green  in  the  few  fresh  rocks.     It  is 


Digitized  by  VjOOQIC 


42  ELEVENTH  ANNUAL  REPORT 

either  entirely  homogeneous,  or  slightly  fibrous,  shows  often  regular 
outlines,  whicli  correspond  to  the  forms  of  augite,  inasmuch  as  the 
angle  ooP  :  ooPoo  of  augite  was  found  to  be  about  135®,  and  the 
angle  ooP  :  oo  about  90*^.  The  colorless  and  light-brown  grains 
show  in  polarized  light  bright  colors,  but  they  are  almost  non- 
dichroitic.  In  these  pure  augites  are  found  irregular  fractures^ 
also  rounded,  rather  large  opaque  grains,  as  well  as  very  fine,  often 
numerously  aggregated,  round  or  elongated  cavities  with  immova- 
ble bubbles.  Even  in  the  freshest  rock  can  be  seen  numerous 
augites  that  are  more  or  less  filled  with  irregular  grains  of  viridite.* 
Still  more  markedly  is  this  the  case  in  those  portions  in  which  the 
augite  appears  light-green  and  somewhat  fibrous,  without  being 
dichroitic.  These  augites  are  changed;  since  it  can  be  seen  plainly 
in  what  way  the  green  grains,  or  fibrous  substance,  more  and  more 
enters  into  them.  In  consequence  of  which  the  augites  in  many 
parts  are  replaced  by  a  mass  of  viridite  which  is  altogether  homo- 
geneous in  appearance,  and  between  the  Nicols  appears  only  light 
and  dark,  and  exhibits  no  color  at  all. 

Occasionally  there  are  also  larerer  crystals  of  this  mineral.  In 
reflected  light  they  are  dark,  in  transmitted  light  they  are  light 
bluish-green,  but  between  crossed  Nicols  either  granular  or  con- 
fusedly fibrous  without  marked  color-characters.  They  are  but 
slightly  dichroitic  or  entirely  non-dichroitic.  Since  these  larger 
crystals  correspond  to  the  augite  that  is  impregnated  with  viridite 
one  would  be  warranted  in  regarding  those  grains  which  appear 
macroscopically  as  aggregates  of  fine  chlorite-scales,  as  changed 
augite.  These  larger  grains  of  the  much-changed  augite  are  every- 
where intimately  connected  with  quartz  and  epidote. 

(3)  In  nearly  all  portions  except  the  freshest,  epidote  is  founds 
sometimes  in  large  aggregates,  sometimes  as  a  portion  of  the 
groundmass  or  lodged  in  the  feldspar.  In  the  former  case  it  is 
united,  as  already  mentioned,  with  accumulations  of  viridite,  and 
with  grains  of  quartz.  The  epidote  is  light  greenish-yellow  in  re- 
flected light,  in  transmitted  light  faintly  yellow,  sometimes  nearly 
colorless;  it  exhibits  in  polarized  light  very  brilliant  colors,  but  is 
not  strongly  dichroitic,  which  may  stand  in  close  connection  with 
its  bright  coloration.  It  is  not,  besides,  very  pure,  inasmuch  as  it 
is  filled  generally  with  gray  granules.  The  larger  individuals 
show  small  fissures  which  are  parallel  with  the  long  axis,  and  cor- 
respond with  the  principal  cleavage  plane.    In  some  places  the  epi- 

*The  name  viridite  is  used  to  desiflrnate  a  chloritio  or  delessite-like  mineral  the  nature 
of  which  is  uoi  accurately  determined. 
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dote  was  in  columnar,  plainly  outlined,  separate  little  crystals,  with 
their  terminal  planes  set  obliquely,  answering  to  hemi-pyramids. 

(4)  Quartz  is  found  only  very  scatteringly  in  small,  or  some- 
times larger,  grains  which  fill  the  interstices  between  the  other 
minerals.  It  is  associated  especially  with  the  viriditic  and  epidotic 
grains.  It  is  sometimes  wholly  clear,  and  nearly  free  from  inclu- 
sions, but  sometimes  contains  scales  of  augite  or  grains  of  mag- 
netite, or  spicules  of  apatite.  Sometimes  there  are  fluid  inclusions, 
occasionally  with  bubbles  that  are  visibly  in  motion.  In  one  such 
cavity  were  seen  two  black  grains,  besides  the  movable  bubble, 
which  were  continually  thrown  hither  and  thither  upon  the  bub- 
ble. In  the  freshest  part  of  the  rock  were  impure  grains  of  quartz 
which  contained  numerous  needles  of  apatite,  as  well  as  green 
grains  in  great  quantity  which  like  amygdules  were  surrounded  by 
a  coating  consisting  of  grayish-green  viridite. 

(5)  Rarely  there  are  rather  large  clusters,  more  frequently  dis- 
tinct crystals,  of  magnetite  with  sides  of  four  or  six  angles. 

(6)  A  mineral  of  irregular  outlines,  which  is  white  or  yellowish 
in  reflected  light  and  but  slightly  translucent,  and  filled  with  gran- 
ular substance,  is  certainly  a  product  of  change  from  epidote  or 
feldspar. 

(7)  Slender,  but  generally  very  long,  nearly  colorless  spicules, 
which  have  pyramidal  terminations,  or  basic  pinacoids,  and  also 
very  shapely  six-sided  sections,  are  apatite.  They  often  penetrate 
several  minerals.  But  sometimes  these  crystals  are  so  short  and 
thick,  that  it  was  doubtful  whether  they  should  be  regarded  as 
apatite,  or  might  be  regarded,  perhaps,  as  nepheline,  a^  they  are 
soluble  in  acids.  By  treating  several  of  the  thicker  crystals  in 
nitric  acid  solution,  with  molybdate  of  autmonia,  and  others  with 
nitric  and  sulphuric  acids,  the  determination  could  be  reached, 
under  the  microscope,  that  they  were  certiinly  apatite.  Moreover, 
the  sections  of  this  apatite  sometimes  consist  of  equal-sided  tri- 
ancrles,  the  angles  of  which  are  occasionally  rounded,  and  some- 
times are  not.  The  hexagonal  crystal  here  appears,  therefore,  to 
take  a  hemihedral  form. 

The  apatite  here  is  not  everywhere  entirely  pure,  but  some- 
times contains  individual  cavities,  or  a  fine  needle-shaped  small 
crystal,  which  lies  in  the  middle  of  the  larger  crystal,  parallel  to 
the  longer  axis.  Very  frequently  are  the  needle-shaped  apatites 
seen  to  be  fissured,  and  even  broken,  and  the  parts  a  little  dis- 
placed from  each  other. 
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(8)  Very  rarely  yellow  metallic  grains  of  pyrite  make  their 
appearance. 

The  chemical  analysis  of  the  melaphyr-porphyry  No.  1,  from 
Duluth,  gave  the  following  result : — 

Silica 50.03 

Alnmina, 15.38 

Sesquioxide  of  iron, 11.79 

Protoxide  of  iron 3  90 

Cal  ium  oxide 5  39 

Magn<^sium  oxide, 3  60 

Potassium  oxide 1.14 

Sodium  oxide, 5  01 

Water 273 

Carbonic  acid, 0.98 

99.94 
Phosphoric  acid, 0.B3 

From  this  analysis  it  appears  that  the  rock  is  comparatively 
very  basic,  at  least  as  compared  with  the  porphyries,  in  which  the 
proportion  of  silica  generally  exceeds  60  per  cent.  At  the  same 
time  it  contains  so  little  potash  that  the  amount  of  orthoclase  can 
be  only  very  slight — at  the  highest,  6.74  per  cent. — while  in  the 
porphyries  it  is  present  in  far  greater  amount.  In  connection 
with  this  small  amount  of  orthoclase,  also  appears  the  low  per 
cent,  of  silica.  As  a  part  of  the  lime  is  required  by  the 
augite  and  epidote,  only  a  portion  of  it  is  left  for  the  triclinic 
feldspar:  the  sodium  would,  therefore,  exceed  the  lime  in  this  min- 
eral. But  since  this  feldspar  is  filled  completely  with  a  granular 
substance,  which  can  be  regarded  only  as  a  product  of  its  own 
decomposition  ;  since,  moreover,  the  content  of  carbonic  acid  in 
the  rock  gives  evidence  that  the  lime  is  no  longer  in  its  original 
-condition,  and  a  part  of  it  can,  therefore,  be  removed  entirely 
from  the  stone ;  and  since,  also,  finally,  the  high  percentage  of 
water  points  to  a  high  degree  of  decay  and  weathering,  by  means 
of  which,  first  of  all,  the  lime  would  be  carried  away,  therefore  it 
is  necessary  to  conclude  that  the  feldspar  has  also  lost  a  portion  of 
its  lime.  This  also  follows  from  the  low  per  cent,  of  silica  in  the 
rock,  since  if  the  plagioclase  contained  considerably  more  soda 
than  lime,  it  would  also  possess  a  content  of  silica  which  would 
exceed  60  per  cent.  But  still  the  rock  is  too  basic.  Therefore  it 
is  permissible  to  conclude  that  the  originally  highly-calcareous 
plagioclase  stood  very  near  labradorite,  perhaps,  also  andesine. 
The  similarly  high  content  of  iron,  which  in  part  is  due  to  the  not 
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insignificant  amount  of  magnetite,  must  be  mainly  set  down  to 
the  credit  of  the  augitic  ingredients  in  proportion  as  they  are 
altered,  since  the  amount  of  mignesia  is  remarkably  low,  and  the 
lime  may  be  embraced  principally  in  the  epidote  and  the  plagio> 
clase.  There  remain,  therefore,  for  the  unchanged  augitic  mineral ^ 
besides  magnesia  and  some  lime,  especially  the  oxides  of  iron,  so 
far  as  they  are  not  used  in  the  formation  of  magnetite.  The  per 
ccLt.  of  apatite  amounts  to  8L. 

As  it  has  been  said  already  that  the  epidote  seems  to  be  a  pro- 
duct of  change  from  the  green  chlorite  mineral,  so  it  is  necessary 
to  hold  it  as  highly  probable,  according  to  the  microscopic  exam- 
ination, that  the  original  augitic  mineral  decayed  in  various  ways, 
sometimes  forming  basic  epidote  with  the  separation  of  free  silica, 
and  sometimes  the  chloritic  mineral.  These  were  deposited  in  the 
place  of  the  augite,  or  in  other  places.  These  three  minerals  there- 
fore are  to  be  regarded  as  secondary  products. 

2  Melaphyr^porphyry  from  Taylor^s  Falls^  or  St.  Croix  Falls^ 
on  the  St.  Croix  river,  a  tributary  of  the  Mississippi.  Macroscop- 
ically  this  rock  appears  porphyritic  throughout,  sometimes  also 
amygdaloidal.  Occasionally,  however,  all  porphyritic  structure  is 
wanting,  as,  for  instance,  on  the  right  shore  of  the  St.  Croix  river, 
although  decidedly  porphyritic  rocks  exist  very  near.  These  con- 
sist of  a  greenish-gray  to  brownish,  finely  granular  and  crys- 
talline groundma.ss,  with  numerous  porphyritic  crystals  of  brown 
plagioclase.  In  immediate  proximity  are  found  abundantly 
quartzose  secretions  that  are  frequently  furnished  with  dark-green 
coatings,  so  that  this  is  certainly  to  be  regarded  as  an  amygdaloid. 
Further  there  appear  distinct  secretions  of  a  greenish  black, 
chlorite-like  mineral.  Sprinkled  in  the  groundmass  can  be 
seen  also,  with  the  naked  eye,  numerous  fine  grains  of  a  bright 
yellowish-green  mineral,  which,  as  appears  under  the  microscope^ 
consists  of  epidote.  Sometimes  this  epidote  is  liberally  dissemi- 
nated in  those  portions  which  are  not  porphyritic,  so  that  by 
means  of  it  the  whole  rock  is  rendered  green.  Even  macroscopi- 
cally  it  can  here  be  seen  that  the  plagioclase  becomes  changed  to 
the  dark-green  chlorite-like  mineral,  ina^^much  as  it  takes  itself  a 
green  color  even  when  the  cleavage  planes  still  retain  their  luster. 
Here  also  appear  distinct  sparkles  of  pyrite. 

The  microscopic  examination  led  to  the  following  determinations: 

(1)  Plagioclase,  generally  brown,  colored  by  means  of  brown 
and  gray  particles.  Besides  these  it  contains  small  grains  and 
scales  of  the  augitic  substance  changed  to  viridite  or  chlorite, 
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which  sometimes  so  much  prevails  that  it  nearly  fills  the  whole 
plagioclase  crystal,  leaving  only  a  little  feldspathic  residue. 
Farther,  crystals  of  epidote  are  also  formed  abundantly  in  the  feld- 
spar. The  plagioclase  constitutes  a  part  of  the  groundmass  some- 
times, and  sometimes  it  is  disseminated  prophyritically. 

(2)  The  augite  parts  are  wholly  changed  to  viridite.  The  larger 
crystals  of  this  mineral,  which  are  connected  closely  with  epidote 
and  quartz,  more  rarely  appear;  while  the  smaller  ones  are  very 
abundant,  such  as  usually  only  till  the  interstices  between  the  lam- 
insB  of  the  feldspar,  even  constituting  sometimes  a  part  of  the 
groundmass.  In  polarized  Light  the  mineral  appears  granular  and 
either  radiately  or  confusedly  fibrous. 

(3)  One  of  the  most  common  parts  is  epidote,  which  rarely 
occurs  in  large  grains,  but  generally  in  rather  small  crystals  of  a 
bright  yellow  color.  These  are  of  imperfect  shapes,  but  sometimes 
of  regular  forms.  They  are  feebly  dichroic,  but  show  very  bril- 
liant polarization  colors.  Generally  they  are  tolerably  pure;  some- 
times they  contain  inclusions  of  quartz.  Very  often  they  are  pen- 
etrated by  irregular  brown  cracks.  Rarely  is  the  epidote  filled 
with  viridite;  in  nearly  all  cases  it  resists  the  spreading  of  the  vir- 
iditic  substance  even  when  the  feldspar  itself  is  filled  completely 
with  it. 

(4)  Quartz  secretions,  large  and  small,  appear  in  polarized 
light  as  aggregates  which  are  enveloped  in  a  granular  green  sub- 
stance, and  for  that  reason  they  must  be  considered  as  of  amyg- 
daloidal  character. 

(5  )    Also  a  white  granular  substance  is  here  visible. 

( 6 )    Magnetite,  and 

( 7  )    Apatite  in  slender  needles  also  appear. 

Froin  the  foregoing  it  follows  that  the  melaphyr-porphyries  from 
Duluthand  Taylor's  Falls  have  an  undoubted  porphyritic  structure. 
The  porphyritic  portions  consist  of  plagioclase^  in  connection  with 
which  very  little  orthoclase  occurs ;  of  an  aggregate  of  ctiloritelike 
grains  {viridite )  which  are  believed  to  be  a  product  of  change  from 
augite ;  of  an  aggregate  of  epidote  ;  of  small  amygdaloidal  quartz 
masses^  but  which  do  nut  occur  everywhere  ;  and  of  small  spark- 
ling grains  of  pyrite.  Aggregates  of  two  much  weathered  minerals 
could  not  he  determined  exactly  ;  they  certainly  form  concretions  in 
the  two  principal  parts.  The  groundmass  consists  principally  of 
plagioclase  ( probably  als )  some  orthodase ) ;  augite^  which^  however^ 
is  principally  changed  to  viridite ;  magnetite ;  apatite ;  epidote^ 
often  gresent  in  large  quantity  ;  a  little  quartz^  and  a  grayish-white 
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granular  substance  that  has  resulted  from  change.  When  the  rock 
is  amygdaloidal,  quartz  fills  the  ca?ities,  as  well  as  calcite  and  epi- 
dote. 

According  to  this  the  rock  is  such  that  ik  is  embraced  with  the 
melaphyrs  ;  and  as  it  has  a  decidedly  poiphyritic  structure,  it  may 
be  designated  melaphyr-porphyry.  Now,  in  most  parts,  except  in 
the  freshest,  epidote  plays  a  very  important  role  ;  it  can  therefore 
also  be  designated  an  epidote-melaphyr.  But  because  the  epidote 
is  a  secondary  product,  as  well  as  the  viridite,  which  has  come  from 
a  change  in  the  augite,  this  latter  name  can  be  applied  only  to  the 
changed  melaphyr-porphyry. 

( b  )    Compact  and  granular  melaphyr. 

This  rock  exists  at  several  places. 

3.  Of  melaphyr  from  Duluth  there  were  only  a  few  small  pieces. 
It  is  found  in  close  contact  with  the  fresh  melaphyr-porphyry. 
The  definition  of  it  is  very  distinct.  Unfortunately  the  pieces  for 
examination  were  too  small  to  make  an  analysis  of  them,  and  the 
microscopic  examination  had  also  to  be  made  on  a  series  of  frag- 
ments in  order  to  characterize  the  rock  definitely. 

One  of  the  two  pieces,  a,  is  derived  from  the  border  close  by  the 
melaphyr-porphyry  ;  the  other,  6,  is  from  a  point  further  removed 
from  it. 

The  contact-rock,  a,  exhibits  itself  as  a  dense,  dark  grayish-black 
rock  in  which  under  the  loop  can  be  distinguished  only  very  fine 
needles. 

Under  the  microscope  can  be  seen,  in  a  very  fiue-grained 
groundmass  fine,  slender,  colorless  crystalline,  needle-shap3d  feld- 
spar crystals,  which  show  very  seldum  any  twinning  striation,  and 
give  no  bright  colors  when  tested  in  polarized  light. 
They  are  not  very  sharply  separated  from  the  ground- 
mass;  while  in  the  colorless,  felsitic  ground-paste, 
they  blend  without  showing  any  boundaries,  but  in  which  there 
are  enclosed  numberless  light-green,  colorless  very  fine  grains  of 
an  augitic  mineral,  as  well  as  some  large,  four-angled  crystals  of 
magnetite.  The  colorle-^s  ground-paste  hardly  shows  any  change 
in  polarized  light;  between  crossed  Nicols  it  remains  dark  when 
the  stage  is  revolved. 

The  other  rock,  ft,  derived  from  the  midst  of  the  melaphyr,  con- 
sists of  a  middling  to  a  fine-grained  mixture  of  tolerably  bright 
triclinic  feldspar,  and  an  augitic  mineral  which  is  mostly  lusterless 
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and  colored  black,  or  sometitnes  shining  with  a  yellowish  metal- 
lic luster,  and  under  the  microscope  is  translucent  and  brownish 
green,  and  which  is  penetrated  by  numerous  partly  parallel  or 
sometimes  irregularly  disposed,  dark  fissures,  and  is  filled  with 
pores  of  very  irregular  shapes.  Occasionally  grains  of  magnetite 
and  spicules  of  apatite  appear.  The  feldspars  are  often  partly 
filled  with  brownish  green  clouds  derived  from  the  augites.  Not^ 
withstanding  the  brightness  of  the  feldspar,  this  rock  is  very 
much  changed,  so  that  it  is  very  soft  and  crumbling. 

Accordingly  this  melaphyr  in  general  is  middling  to  fine-grained, 
but  on  the  margins  of  contact  it  is  very  fine-grained.  Hence  one 
may  draw  the  conclusion  that  at  Duluth  the  melaphyr  cuts 
through  the  melaphyr-porphyry,  inasmuch  as  the  latter  is  un- 
changed on  its  margin  alongside  of  the  melaphyr,  but  the  former 
is  rendered  dense  along  this  contact. 

4  Melaphyr  from  Sauk  Rapids  on  the  Mississippi.  This  rock 
consists  of  a  fine-grained,  anamesite-like  greenish-black  ground- 
mass  of  very  fresh  appearance,  in  which  are  enclosed  narrow  slen- 
der crystals,  more  rarely  large  ones,  of  very  bright  triclinic  feldspar. 
The  number  of  the  larger  crystals  is  so  small  that  the  rock  at  fitst 
sight  hardly  has  the  appearance  of  a  porphyry. 

Under  the  microscope  the  contrast  between  the  crystalline 
groundmass  and  the  larger  crystals  is  very  evident.  Nevertheless 
it  is  observed  at  once  that  the  crystals  are  of  two  kinds — triclinic 
feldspar  and  augite.  The  ingredients  of  the  rock  are,  under  the 
microscope,  the  following: 

(1)  Triclinic  feldspar,  with  clear  and  nearly  everywhere  visi- 
ble, sharp  twinning  lines,  appears  sometimes  in  large,  sharply  de- 
fined crystals,  and  sometimes  in  small  bands  as  a  portion  of  the 
groundmass.  This  mineral  is  very  clear  and  pure,  and  contains 
only  rarely  in  its  interior  a  large  accumulation  of  gray  grains; 
sometimes  are  seen  in  it  also  fine  needles  of  augite  and  little  crys- 
tals of  magnetite. 

.  (^).  Large,  more  or  less  regular  crystals,  are  seen  but  seldom  in 
perfect  form,  which  are  surrounded  by  a  bright  green  hardly 
dichroitic  border.  The  inside  consists  of  a  very  clear-brown  or 
brownish-violet  substance  which  is  not  dichroitic  or  soluble  in 
acids,  and  shows  but  very  rarely  brilliant  polarization  colors.  The 
purest  portions  are  penetrated  by  irregular  fissures,  (though  some- 
times these  stand  at  right  angles  to  each  other,)  which  are  filled 
with  a  black  substance.  The  most  frequent  occurrence  of  this 
mineral  shows  it  filled  almost  wholly  with  black  crystals  of  mag- 
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netite,  which  often  are  placed  in  two  fine  linear  systems  perpen- 
dicular to  each  other.  Occasionally  also  pyrite  appears  in  it. 
Other  portions  are  filled  completely  with  green,  confusedly-fibrous 
masses  which  are  more  strongly  dichroitic  than  the  unchanged 
mineral.  This  latter  consists  of  au^rite  which  is  converted  through 
fibrous  viridite  into  the  green  substance.  The  green  border  on 
the  unchanged  augite  is  also  such  a  product  of  change. 

As  a  part  of  the  groundmass,  augite  is  crowded  into  the  angles 
between  the  feldspars.  It  is  bright  brownish-green  to  completely 
colorless,  but  is  here  also  converted  into  a  light-green,  finely 
fibrous,  mineral,  so  that  an  augite-crystal  sometimes  appears  wholly 
converted  to  a  fibrous  mass;  and  the  separate  bundles  of  fibres  are 
projected  into  the  surrounding  feldspar.  A  change  here  also  takes 
place  to  fibrous  viridite.  In  other  places  the  augite  is  colored 
more  brown,  and  then  becomes  either  fibrous  or  granular,  the  latter 
by  reason  of  the  occurrence  of  fine  dark  points.  Sometimes  such 
changed  augites  are  more  strongly  dichroitic,  but  not  so  that  they 
could  be  shown  to  change  to  hornblende.  In  this  augite  are  in- 
cluded now,  occasionally,  well-formed  apparently  cubic  or  rhombic 
crystals  of  a  bright,  grayish-violet  color,  which,  unfortunately,  it 
was  not  possible  to  determine  exactly. 

(3)  Four-sided  magnetic  grains,  sometimes  separate,  and  some- 
times grouped.  Prom  the  pulverized  rock  it  is  possible  to  bring 
out  with  a  magnet  numerous  grains  of  this  mineral. 

(4)  Fine  needles  of  apatite  are  seen  clustered  in  several  places. 

(5)  Very  rarely  are  there  scattered  aggregates  of  quartz. 

The  chemical  analysis  of  melaphyr  No.  4  gave  the  following 
result: 

SiO, 48.97 

AlA It5.50 

FeA 4.14 

FeO 6.68 

CaO 10.93 

MgO 9.85 

K2O 0.69 

NajO 2.69  (with  traoeB  of  LiaO) 

H2O 1.14 

101.49 

P2O5 1.18 

From  this  analysis  it  appears  that  the  rock  is  basic,  more  basic 
than  many  other  melaphyrs.     It  agrees  in  the  composition  nearly 
with  Bunsen's  normal   pyroxenic  rocks  ;    it  difi^ers  from  them 
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especially  in  a  too  small  coatent  of  alumiiia,  iron  oxide  and 
protoxide,  and  in  a  too  high  content  of  magnesia.  The  small 
ingredient  of  potash  shows  that  if  orthoclase  is  at  all  present  in 
the  rock,  it  plays  a  very  inferior  part,  the  highest  per  cent,  of  it 
possible,  being  only  4.08,  But,  furthermore,  the  small  content  of 
soda,  as  well  as  the  high  per  cent,  of  lime  indicates  that  the 
plagioclase  will  approach  nearer  to  anorbhite  than  albite.  Inas- 
much as  abundant  magnetite  is  found  in  the  rock  there  can 
be  left,  of  the  small  content  of  iron  oxide  seen  in  the  general 
analysis,  but  little  iron  for  the  augitic  portion.  This,  therefore, 
must  be  the  richer  in  magnesia  and  lime,  which  are  present 
in  large  quantities.  In  the  presence  of  the  fresh  appearance  of 
the  fieldspar  everywhere,  it  will  be  necessary  to  charge  the  high 
per  cent,  of  water  to  the  account  of  the  green  secondary  product 
of  the  augites.  The  content  of  phosphoric  acid  answers  to  a  per 
cent,  of  apatite  of  0.44. 

From  the  foregoing  it  apmars  that  the  melaphyr  from  Sauk 
Rapids  consists  of  a  groundmass  which  holds  a  basic  plagioclase; 
augite  in  changed  and  in  unchanged  conditions;  also^  in  smaller 
grains^  magnetite  and  apatite;  and  very  seldom  a  little  quartz;  and 
that  in  this  groundmass  larger  crystals  of  triclinic  fieldspar  and 
augite  are  sparsely  disseminated.  Hence  this  rock  can  also  be 
designated  a  melaphyr-porphyry  ;  since,  however,  the  prophyritic 
structure  is  not  everywhere  apparent,  the  rock  may  be  designated 
simply  a  melaphyr. 

This  rock  differs  from  the  melaphyr-porphyry,  of  DulutH  and 
Taylor's  Falls,  mineralogically  only  in  the  smaller  amount  of  por- 
phyritic  structure,  the  lack  of  orthoclaseand  epidote,  the  very  little 
amount  of  quartz  and  the  greater  purity  of  the  general  mass,  and 
especially  of  the  plagioclase;  chemically  it  dijQTers  in  the  smaller 
per  cent,  of  alkali,  water  and  carbonic  acid,  and  the  evidently  high 
per  cent,  of  lime  and  magnesia. 

6  Malaphyr  from  Watab  on  the  Mississippi.  This  rock 
forms  a  fine-grained  mixture  of  a  colorless  feldspar,  a  bright  yel- 
lowish-green augitic  mineral,  and  of  isolated,  small  black  grains. 
As  a  secondary  product  pyrite  is  disseminated  in  considerable 
amount.  The  whole  rock  is  of  a  greenish-gray  color,  and  has  a 
fracture  that  is  irregular  and  even  splintery. 

Under  the  microscope  the  feldspar  can  be  distinguished  as 
triclinic,  the  augite  is  of  a  bright  greenish-brown  color,  which 
often  becomes  green  by  viridite;  it  is  not  dichroitic,  is  cut  by  ir- 
regular fine  fissures,  and  embraces  often  an  abundance  of  small 
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black  grains.  Large,  four-cornered,  black  grains  of  magnetite  are 
«een  only  very  rarely.  Also  needles  of  apatite  are  sprinkled  here 
and  there, 

Melaphyr  No.  5,  therefore,  consists  also  of  plagioclase^  augite^  and 
a  little  magnetite  and  apatite, 

n.    HOBNBLENDE-GABBRO. 

This  rock  is  found  only  on  the  St.  Louis  river  near  Duluth.  It 
has  at  first  glfuice  the  appearance  of  a  granular  hypersthenyte. 
Upon  exact  examination  it  proves  to  be  a  granular  assemblage  of 
the  following  minerals  : 

( 1 )  Strongly  predominating  is  a  brilliantly  glittering  gray 
plagioclase  with  very  eyident  twinning  lines  and  bine  iridescence 
exactly  like  that  from  Labrador.  Sometimes  also  the  polysynthetie 
twinning  is  formed  according  to  the  Carlsbad  law. 

( 2 )  Occasionally  are  seen  crystals  of  bright  red  feldspar  with- 
out twinning  lines,  with  a  reddish  reflection  similar  to  sunstone. 
This  mineral  is  certainly  orthoclase. 

( 3 )  A  dark  brownish-green,  or  tombac- brown,  slightly  lustrous, 
almost  metallic-looking  mineral,  which  appears  fibrous  and  pos- 
sesses two  similar  cleayage  directions,  which  form  with  each  other 
an  obtuse  angle.  A  great  number  of  casual  measurements  gave 
for  this  angle  about  125^.  Since  this  mineral,  moreover,  is  rather 
easily  fusible  to  a  black  glass,  it  can  only  be  hornblende^  not  with-, 
standing  its  somewhat  different  appearance  from  ordinary  horn- 
blende. This  is  in  many  places  manifestly  impregnated  with  small 
scales  of  chlorite,  and  it  attains  by  that  means  a  somewhat  dif- 
ferent nature. 

(4)  Light  tombac-brown,  metallic-Iustered  crystals  are  some- 
what more  seldom  to  be  distinguished  easily,  with  only  one  strongly 
marked  cleavage  direction.  A  second  very  inconspicuoas  cleavage 
plane,  with  faint  lusterless  surfaces,  stands  nearly  at  right  angles 
with  the  first.  Before  the  blowpipe  this  mineral  fuses  with  toler- 
able ease  to  a  dark  shining  glass.  It  is  therefore,  without  doubt, 
diallage.  It  is  somewhat  more  rare  than  the  hornblende,  but  it 
appears  to  stand  in  no  relation  with  it. 

(5)  Large  black,  slightly  metallic  grains,  sometimes  with  perfect 
octahedral  forms,  with  irregular  to  conchoidal  fracture.  The 
fragments  drawn  from  the  powdered  rock  with  a  magnet  were  dis- 
solved in  acid  potassium  sulphate  ;  the  aqueous  solution  was 
boiled  with  addition  of  sulphuric  acid,  by  which  a  rather  heavy 
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white  precipitate  of  titanic  acid  ensued.  Since  the  distinct  octa- 
hedrons give  no  titanium  reaction,  but  the  magnetic  powder  is 
only  partly  dissolved  in  muriatic  acid — the  rest  being  titanic  acid — 
therefore,  titanic  iron  certainly  is  connected  so  intimately  with 
magnetite  that  it  follows  with  it  to  the  magnet. 

(6)  Very  rarely  is  seen  a  light,  greenish-yellow  mass  with 
conchoidal  fracture,  and  greasy  luster,  which  is  insoluble  in 
muriatic  acid,  and  before  the  blowpipe  is  almost  infusible.  The 
hardness  is  about  5  to  6.  This  mineral  appears  to  be  epidote^ 
whose  cleavage  planes  could  not  always  be  recognised. 

(7)  Very  seldom  occurs  a  sparkling  grain  o{  copper  pyrite. 
The  microscope  revealed  the  following  minerals  : 

(1)  Very  prevalent  triclinic  feldspar,  generally  tolerably  pure; 
but  sometimes  wholly  filled  with  granular  masses,  so  that  the  stri- 
ation  in  it  is  very  difficult  to  observe.  Also  black  angular  grains, 
probably  of  magnetite,  are  disseminated  here  and  there.  The  mine- 
ral is  insoluble  in  hydrochloric  acid,  after  standing  twenty-four 
hours;  also  its  powder  gave  after  long  treatment  with  hydrochloric 
acid,  no  trace  of  jelly.  The  triclinic  feldspar,  therefore,  is  nob 
anorthit^,  but  evidently  comes  nearer  to  labradorite. 

(2)  In  several  places  appear  feldspars  which  are  completely- 
filled  with  yellowish  or  reddish  grains,  sometimes  hornblende 
granules  changed  to  green  viridite,  but  more  rarely  bright  yellow 
epidote.  This  mineral  corresponds  to  the  red  sunstone-Iike  feld- 
spars, in  which  atwinning-striation  can  be  seen  neither  macro-  nor 
micrortcopically.  This  might  now  be  obscured  possibly  wholly  by 
reason  of  the  numerous  inclosures ;  but  when  it  is  observed  that 
the  rock  contains  1.61  per  cent,  of  potash,  it  is  necessary  to  con- 
sider it  very  probable  that  some  orthoclase  is  present. 

(3)  Hornblende.  This  is  mostly  of  a  light  to  dark  green  color^ 
more  rarely  of  a  brownish-green.  The  former  is  produced  by 
viriditic  substance,  which  often  completely  fills  the  hornblende  and 
impairs  its  dichroitic  character.  This  green  viriditic  hornblende 
is  formed  sometimes  of  parallel  fibers,  but  sometimes  of  confused  or 
radiate  fibers,  as  appears  especially  between  crossed  Nicols.  The 
brownish-green  hornblende,  without  viridite,  is  strongly  dichroitic^ 
and  appears  parallel-fibrous.  Sometimes  it  is  penetrated  by  reg- 
ular, dark,  parallel,  fine  lines,  which  run  at  right  angles  with  the 
fibrous  structure,  and  have  nothing  in  common  with  the  cleavage, 
which,  singularly,  is  wholly  absent.  Since,  moreover,  the  margins 
of  the  hornblendes  are  very  irregular,  and  always  are  dependent 
upon  the  feldspars  between  which  they  are  embraced,  it  might  be 
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doubtful,  in  consequence  of  their  often  weakly  dichroitic  character, 
whether  they  be  hornblendes  or  not.  But  the  above-mentioned 
numerous  measurements  of  the  two  similar  cleavage  planes  show, 
with  complete  certainty,  that  the  mineral  consists  of  hornblende, 
which,  by  the  intrusion  of  viriditic  or  chloritic  substance,  has 
acquired  somewhat  different  characteristics. 

(4)  Diallage  appears  in  grayish-brown  sightly  translucent  crys- 
tals, wr.ich  sometimes  are  isolated  between  the  feldspars,  and  some- 
times are  connected  with  the  hornblendes  like  a  mosaic,  where, 
however,  its  outlines  are  everywhere  sharp.  As  the  grains  of  di- 
allage do  not  encroach  at  all  upon  the  horublende,  the  latter  must 
be,  it  seems,  an  original  mineral  ingredient,  and  not  at  all  a 
product  of  change  from  diallage.  The  diallage  is  almost  entirely 
non-dichroitc;  it  is  generally  delicately  fibrous  in  parallel  threads, 
and  shows  abundantly  a  system  of  parallel,  sharply  defined  fissures, 
which  run,  however,  through  the  fibrous  structure  nearly  at  right 
angles.  Parallel  to  the  fibers,  which  between  crossed  Nicols  show 
an  irregular  striping  of  colors,  is  sometimes  a  fine  black  hatching 
to  be  noticed,  which  seems  to  consist  of  grains  of  magnetite  ar* ' 
ranged  in  lines.  Only  rarely  does  the  diallage  exhibit  a  non-fibrous 
center,  which  then  is  free  from  the  dark  lines  which  fill  the  re- 
maining portion  of  the  crystal. 

(5)  Large,  black,  metallic,  angular  crystals  of  magnetite  and 
menaccanite.  Smaller  grains  are  embraced  in  the  above-mentioned 
minerals. 

(6)  Irregular  patches  and  grains  of  epidote  of  a  light  yellow 
color,  slightly  dichroitic,  appear  very  rarely. 

(7)  Chalcopyrite  is  very  seldom  visible. 

(8)  Rather  frequent  colorless  prisms,  sometimes  0.4  mm,  in 
width  and  over  0.8  mm.  in  length,  can  be  seen  in  thin  sections. 
These  are  occasionally  six-sided.  They  show  very  brilliant  polar- 
ization-colors, and  contain  numerous* fluid  inclusions,  with  and 
without  moving  bubbles.  They  are  soluble  in  acids,  give  with  the 
molybdate  solution  a  phosphoric  acid  reaction,  with  sulphuric 
acid  a  lime-reaction,  while  with  the  treatment  in  hydrochloric  acid 
no  cubes  of  chloride  of  sodium  appear.  The  mineral  is  therefore 
apatite,  in  thick  short  crystals,  while  fine  needles  of  it  seldom  ap- 
pear. 

(9)  The  most  rare  are  colorless  grains  with  numerous  large 
fluid  inclusions,  which  generally  contain  slightly  movable  bubbles, 
and  are  broken  by  irregular  fissures  that  are  filled  with  a  green 


Digitized  by  VjOOQIC 


54  ELEVENTH  ANKUAL  BEPOBT. 

substance.    They  stand  m  close  connection  with  bits  of  epidote«. 

and  are,  in  spite  of  these  impurities,  to  be  considered  as  quartz. 
The  chemical  composition  of  the  hornblendergabbro  No.  6,  is  a» 

follows: 

Silica. 49.15 

Alumina 21.90 

Sesquioxide  of  iron 6.60 

Protoxide  of  iron 4.54 

Lime 8.22 

Magnesia 3.03 

Potash 1.61 

Soda 3.83 

Water 1.92 

100.80 

Phosphoric  acid 0.83 

Titanic  acid 0.18 

It  is,  therefore,  a  basic  rock,  whose  high  per  cent,  of  alumina  cor* 
responds  closely  with  its  abundance  of  triclinic  feldspar.  If  thi» 
feldspar  were  anorthite,  the  content  of  lime  would  have  to  be  high- 
er, and  that  of  soda  necessarily  less.  Furthermore,  if  this  feldspar 
were  oligoclase  or  andesite,  the  per  cent,  of  silica  of  the  whole  rock 
would  be  highefr,  since  the  1.6  L  per  cent,  of  potash  presupposes  a 
content  of  orthoclase  of  about  9.52,  which  drives  the  silica  to  a 
hioh  percentage.  Therefore,  the  triclinic  feldspar  comes  nearest 
to  labradorite.  While  the  silica  per  cent  rises  by  reason  of  the  or- 
thoclase, it  is  reduced  again  by  reason  of  the  percentage  of  magne- 
tite and  menaccanite.  The  meager  percentage  of  magnesia  corres-^ 
ponds  to  the  low  content  of  hornblende  and  diallage  in  the  rock. 
The  apatite  amounts  to  0.81  per  cent. 

Therefore^  the  hornblende^ahbro  from  the  St.  Louis  river  near 
Duluth  consists  of  strongly  predominating  plagioclase  (labradorite)^ 
a  little  orthoclase^  some  hornblende^  diallage^  magnetite  and  menac- 
canite^ as  well  as  apatite^  and  a  very  small  amount  of  chalcopyrite^ 
and  epidote^  the  last  occasionally  associated  with  quartz. 

in.   AUGITE-DIOBTTE. 

This  rock  occurs  at  Richmond  on  the  Sauk  river,  and  at  Little 
Falls,  above  Watab  on  the  Mississippi. 

7.  Augite-Dioryte  from  Richmond.  This  rock  consists  macro- 
scopically  of  a  coarse-grained  mixture,  apparently  of  predominating 
black  hornblende  and  a  grajnish-white  triclinic  feldspar,  besides 
an  augitic  mineral.  In  addition  to  these  there  are  also  biotite^ 
pyrite  and  perhaps  zircon. 
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The  hornblende  is  sometimes  in  distinct  large  crystals  from  2  to 
8  centimeters  wide,  and  from  3  to  4  centimeters  long  ;  while  the 
most  of  it  appears  in  crystals  of  only  a  few  millemeters  in  diam- 
eter. It  is  of  a  deep,  black  color,  has  a  bright  Itster,  and  appears 
in  general  very  fresh.  Very  frequent  small  scales  of  dark  brown 
or  black  biotite,  of  irregular  shapes,  nestle  within  the  cleavages  of 
the  hornblende.  The  latter  fuses  rather  easily  to  a  black  shining 
glass. 

The  triclinic  feldspar  is  clear,  grayish- white,  nearly  colorless,  in 
brightly  lustrous  crystals,  with  regularly  angled  cross-sections, 
and  evideut  twinning  striations.  When  the  back-ground  is  dark, 
the  feldspars  often  appear  transparent  &s  well  as  black. 

The  augitic  mineral  is  only  very  slightly  apparent,  being  mostly 
covered  by  hornblende.  It  is  light,  yellowish- brown  or  grayish 
brown  in  color,  and  slightly  lustrous;  but  it  becomes  much  brighter 
when  the  rock  is  wet,  since  it  then  acquires  a  yellowish,  metallic 
lustre.  Two  cleavage  planes  can  be  seen  cutting  each  other, 
i*early  at  right  angles,  but  which  are  not  very  distinct,  and  appear 
not  to  be  exactly  similar.  The  mineral  is  somewhat  fibrous,  and 
fuses  not  very  easily,  in  fine  splinters,  to  a  gray  bead.  It  exists  in 
less  amount  than  either  of  the  other  constituents,  and  is  itself  to  be 
seen  under  the  lens  with  great  difficulty, 

Biotite,  in  thin  brown  or  nearly  black  scales,  is  mingled  especi- 
ally with  the  hornblende. 

Magnetite  is  recognizable,  but  without  certainty;  pyrite  some- 
times is  disseminated  in  small  grains. 

Very  rarely  can  be  seen  small  crystals  of  a  hyacinth-red  color, 
which  are  brightly  shining,  but  whose  form  cannot  be  ascertained. 
Perhaps  they  are  little  zircons. 

The  microscopic  examination  gave  the  following  : 

(1)  The  plagioclase  shows  very  distinct  color  bands  ;  it  is  gene- 
rally very  clear  and  pure.  Here  and  there  appear  little  needles  of 
apatite  in  it:  also  shreds  of  hornblende  and  grains  of  magnetite; 
also  gray  kernels  of  irregular  shapes  are  seen  sometimes  in  groups. 
But  very  rarely  does  the  feldspar  appear  without  striping. 

(2)  The  hornblende  is  of  green  and  brown  colors,  strongly 
dichroitic  with  parallel  cleavage,  or  with  two  cleavage  systems  that 
cross  each  other  at  a  small  angle.  Its  outlines  are  irregular.  It 
sometimes  embraces  little  grains,  %\xt  in  no  great  quantity;  and  very 
rarely  cavities  with  movable  bubbles. 

(3)  The  augitic  mineral  is  chiefly  in  immediate  but  irregular 
contact  with  hornblende.    It  can  be  traced  out  sharply  in  distinc- 
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tion  from  it,  but  ifcs  outline  is  irregular.  Sometimes  also  speci- 
mens of  this  mineral  lie  in  the  feldspar,  and  also  often  little  crys- 
tals of  hornblende  are  in  the  center  of  the  augite  in  such  a  manner 
that  they  intersect  each  other  like  a  patience-play  (Qeduldspiel).  It 
is  only  rarely  that  the  augitic  mineral  is  somewhat  regularly 
outlined,  but  not  so  that  the  measurements  of  angles  could  be 
taken.  It  could  only  be  discovered  that  the  angle  between  two 
sides  of  such  a  section  was  more  obtuse  than  the  columnar  angle 
of  hornblende.  The  mineral  is  cut  by  irregular  fissures  which  are 
only  occasionally  nearly  parallel,  but  generally  they  go  in  all  direc- 
tions, cutting  each  other  at  all  possible  angles.  It  is  generally 
very  finely  parallel-fibrous — that  is  to  say  it  consists  of  a  series  of 
lamellsB  parallel  to  each  other,  but  which  often  wedge  out 
in  both  directions,  so  that  the  fibers  sometimes  are  in  right 
lines,  and  sometimes  appear  slightly  undulatory.  The  cracks 
which  cut  the  mineral  appear  generally  to  have  no  reference  to 
the  direction  of  the  fibers.  Here  and  there  is  an  appearance 
as  if  the  cracks  ran  preferably  at  right  angles  to  the  fibrous  struc- 
ture. This  augite  is  of  a  very  bright  brownish-red  color.  Between 
crossed  Nicols  it  shows  bright  polarization  colors,  particularly 
in  those  spots  where  it  is  not  remarkably  fibrous.  In  the  fibrous 
portions  also  there  is  a  fine  color-striping  apparent,  though  this 
does  not  always  appear  distinct.  It  is  therefore  probable  that  a 
polysynthetic  twinning  structure  is  the  fundamental  cause  of  the 
fibrous  structure. 

This  mineral  is  remarkably  and  strongly  dichroitic  in  bright 
green  and  red  colors.  Beginning  at  the  fissures  which  penetrate 
it,  and  along  the  margins,  it  undergoes  a  change  which  gradually 
embraces  the  whole  mineral,  so  that  the  different  stages  of  this 
change  can  be  seen  in  the  different  thin-sections.  The  fissures  are 
filled,  for  instance,  with  a  bright  grayish-green,  non-dichroio  sub- 
stance which  encroaches  more  and  more  on  both  sides,  so  that  only 
the  central  parts,  or  kernels  of  the  mineral,  of  more  or  less  size, 
are  visible,  in  its  unchanged  red  color  ;  and  in  many  instances  they 
are  entirely  faded  out.  At  the  same  time  the  fibrous  portions  un- 
dergo no  change,  although  they  frequently  appear  more  distinct. 
In  many  instances  the  augitic  mineral  consists  only  of  bright 
green  fibrous  crystals.  When  the  mineral  is  so  changed  it  is  not 
dichoric ;  so  that  it  can  with  all  certainty  be  s^en  to  be  augite. 
But  the  original  red  mineral  can  be  only  augite.  The  absence  of  a 
clearly  defined  cleavage-system,  as  it  appears  in  connection  with 
the  adjoining  hornblende,  the  very  distinct  optical  characters  ia 
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common  and  polarized  light,  the  fibrous  structure,  the  difficult  fusi- 
bility, the  presence  of  two  cleavage  surfaces  nearly  at  right  angles, 
visible  even  with  the  naked  eye.  distinguish  this  mineral  from  horn- 
blende, and  show  it  to  be  augite.  Microscopically  it  appears  very 
much  like  diallage,  in  which  professor  Zirkel,  who  had  the  good- 
ness to  make  an  examination  of  it  at  Jena,  agrees  with  me.  Be- 
sides, individual  crystals  appear  which  are  pierced  by  parallel  horn- 
blende-lamell8e,in  such  a  manner  that  augite  and  fibrous  hornblende 
alternate  with  each  other. 

(4)  Biotite  appears  in  bright,  grayish-brown,  transparent,  an- 
gular sheets. 

(5)  Quartz  is  very  distinct  in  small  grains  in  which  sometimes 
are  fiuid  inclusions  with  rapidly  moving  bubbles, 

(6)  In  places  numerous  crystals  of  apatite  appear,  especially  in 
the  feldspar,  but  those  places  are  rare.  Sometimes  the  apatite  is 
in  isolated  crystals. 

(7)  Magnetite  is  for  the  most  part  only  scattered  and  r^re. 
Only  occasionally  is  it  in  somewhat  thicker  and  crowded  large  ir- 
regular masses.  The  larger  portion  of  a  slide  is  free  from  it.  For 
that  reason  it  was,  that  no  metallic  residue  could  be  obtained  from 
the  wet  powdered  rock.  With  a  magnet  only  could  individual 
grains  be  drawn  out. 

The  chemical  analysis  of  the  augite-dioryte  No.  7,  gave  the  fol- 
lowing result: 

Silica 48.87 

Alumina 18.72 

Sesquioxide  of  iron 3.28 

Protoxide  of  iron 5.55 

Calcium-oxide 11.93 

Magnesium  oxide 9.53 

Potassium  oxide 0.73 

Sodium  oxide 2.10 

Water 0.93 

Carbonic  acid trace. 

101:64 

Phosphoric  acid 0.08 

This  rock  therefore  is  also  basic,  and  agrees  with  the  normal 
pyroxenic  rocks  of  Bunsen.  Tet  some  free  quartz  is  present.  The 
high  per  cent,  of  lime  and  magnesia  agrees  with  the  abun- 
dance of  plagioclase,  hornblende  and  diallage;  likewise  the  low  per 
cent,  of  iron  oxides  with  the  meagerness  of  the  magnetite,  the  low 
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per  cent,  of  potash  with  the  absence  of  orthoclase,  of  which  at  the 
most  4.21  per  cent  of  the  rock  could  consist.  The  small  per  cent, 
of  soda  and  the  large  per  cent,  of  lime,  considered  in  respect  to  the 
large  amount  of  plagioclase  present,  warrant  the  conclusion  that 
the  latter  comes  nearer  anorthite  than  albite,  that  it  therefore  is 
either  labradorite  or  andesine.  The  small  amount  of  water*  which 
in  a  great  measure  consists  of  hygroscopic  water,  shows  also  that 
the  rock  is  not  entirely  fresh.  The  apatite  amounts  only  to  0.19 
per  cent. 

The  augite-diort/te  No,  7  from  Richmond  therefore  consists  of  a 
coarse  to  middling  coarse-grained  mixture  of  plagioclase^  hornblende 
and  diallage^  with  which  is  mingled  biotitey  a  little  pyrite  and  tnag^ 
netite^  a  very  little  quartz^  apatite^  and  very  rarely  perhaps  zircon. 

8.  Augite-dioryte  from  Richmond.  (Bareman^s  farm.)  Although 
most  intimately  related  to  the  foregoing  in  its  outward  appearance,, 
this  rock  nevertheless  shows  a  difference. 

Maeroscopically  it  appean*  as  a  fine  to  middling  coarse-grained 
mass  of  very  brilliantly  shining,  colorless,  plagioclase,  which  some- 
times also  exhibits  the  Carlsbad  twinning ;  also  of  black,  very 
brightly  lustrous  hornblende,  within  which  also  very  rarely  iso- 
lated scales  of  biotite  are  visible;  and  of  an  augitic  mineral,  gray  to 
browish-green  in  color,  which  appears  in  little  grains.  This  last 
mineral  is  recognized  plainly  in  places  where  the  plagioclase  forms 
white  granular  aggregates,  in  the  neighborhood  of  which  these 
greenitfh-brown  grains  are  plainly  secreted.  They  possess,  so  far 
as  can  be  seen,  not  the  cleavage  planes  of  hornblende.  Small  black 
specks  are  magnetite^since  such  can  be  drawn  out  of  the  powdered 
rock  with  a  magnet. 

Isolated  masses  are  seen  that  reach  three  centimeters  in  length 
and  two  in  width,  which  consist  of  an  aggregate  of  light-gray 
feldspars  which  sometimes  are  plainly  striated,  sometimes  show  no 
striation,  but  yet  in  other  respects  can  not  be  distinguished  one  from 
the  other. 

From  the  foregoing  therefore  this  rock  differs  in  its  lack  of  large 
hornblende  crystals,  in  the  presence  of  large  aggregates  of  feldspar^ 
and  in  its  greater  richness  in  magnetite. 

Under  the  microscope  can  be  recognized  the  following  mineral 
ingredients: 

(1)  Very  clear,  wholly  colorless,  strongly  striated  plagioclase, 
which  contains  apatite  in  remarkable  quantity,  black  grains  of 
magnetite,  separate  little  crystals  of  hornblende,  and  augite.  Oc- 
casional non-striated  crystals  might  perhaps  be  orthoclase. 
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(2)  Quartz  is  apparently  rare,  in  irregularly  outlined  masses 
lying  between  the  feldspar  crystals,  with  numerous  cavities  which 
contain  sometimes  movable  bubbles. 

(3)  Hornblende,  of  a  dark  greenish-brown  color  and  strongly 
dichroitic;  which  is  cut  by  cleavage  planes  that  are  either  parallel 
or  form  an  obtuse  angle  with  each  other.  Its  outlines  are  very 
irregular.  Only  the  little  crystallites  which  lie  scattered  in  the 
plagioclase,  show  sometimes  regular  forms. 

(4)  *  A  dichroitic  mineral  (dichroitic  in  light  green  and  red  colors) 
appears  in  great  quantity,  perhaps  even  exceeding  the  hornblende 
in  amount,  which  is  colored  light  grayish-green  to  brownish-green. 
This  differs  from  hornblende  essentially,  both  in  common  light,  on 
account  of  its  bright  colors,  and  between  the  Nicols  by  reason  of 
its  brilliant  polarization,  since  hornblende  appears  very  dark  be- 
tween crossed  Nicols.  It  is  either  not  at  all  fibrous,  or  slightly  so, 
or  completely  fibrous.  The  fissures  which  cat  it  are  generally  ir- 
regular, and  not  entirely  in  right  lines.  Sometimes  they  run 
nearly  parallel,  and  then  pass  through  the  fibrous  structure  nearly 
at  right  angles.  But  with  a  higher  power  a  system  of  fine  cleavage 
can  be  seen,  which  runs  parallel  with  the  fibrous  structure.  This 
latter  is  made  apparent  by  the  occurrence  of  fine  parallel  light  or 
dark  brown  lamellae  and  needles,  but  also  partly  by  the  existence  of 
very  fioe  cleavage  lines.  The  outlines  are  very  rarely  entire,  and 
preserved  in  lines.  They  are  then  quadratic  and  rectangular  forms 
with  imperfect  or  dulled  corners:  so  that  such  a  section  could  be 
produced  only  by  the  combination  ooS.  ooPoo  ooPoo  of  augite,  bat 
not  of  hornblende.  The  fibrous  structure  and  the  fine  linear  cleav- 
age run  parallel  to  that  line  which  corresponds  to  a  plane  ooPoo. 
Occasionally  this  mineral  is  more  grayish-green,  and  little  dichro- 
itic. In  spite  of  the  dichroitic  character  of  this  mineral  as  seen 
in  most  of  its  individual  grains,  it  cannot  be  considered  hornblende, 
but  must  be  referred  to  augite,  possibly  diallage.  There  are,  more- 
over, in  it  fluid  inclusions  with  movable  bubbles. 

(5)  Rather  frequent  grains  of  magnetite  are  seen.    These  are 
more  isolated,  and  are  four  or  six  angled. 

(6)  Apatite  in  extraordinary  amounts,  in  fine  needles,  especially 
in  the  plagioclase,  has  been  mentioned  already. 

(7)  Yellow  metallic  opaque  grains  are  certainly  pyrite. 
Chemical  analysis  of  augite-diory te  No.  8  from  Richmond. 
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Silica ; 52.00 

Alumina 15.76 

Sesquioxide  of  iron 8.55 

Protoxide  of  iron 12.84 

Calcium  oxide 7.39 

Magnesium  oxide 3.42 

Potassium  oxide 1.24 

Sodium  oxide 3.37 

Water 0.35 

Carbonic  acid 0.11 

100.02 
Phosphoric  acid 1.06 

Hence  it  appears  that  this  rock  is  richer  in  »ilica,  protoxide  of 
iron,  phosphoric  acid,  and  alkali  than  the  foregoing,  but  poorer  in 
lime,  magnesia  and  alumina.  Its  combinations  must  therefore  be 
different  The  feldspar  here  appears  the  richer  in  soda,  since  the 
high  content  of  soda  comes  in  connection  with  a  much  lower 
amount  of  alumina.  Hence  the  feldspar  may  in  this  case  also  belong 
in  the  acidic  portion  of  the  feldspar  series.  The  potash  ingredient 
corresponds  to  a  per  cent,  of  orthoclase  at  least  of  7.33.  The  high 
amount  of  protoxide  of  iron  must  be  attributed  in  part  to  the  mag- 
netite present,  and  partly  to  hornblende  and  diallage,  because 
the  rock  is  remarkably  poor  in  magnesia.  The  large  amount  of 
phosphoric  acid  is  a  very  distinctive  character;  it  requires  apatite 
to  the  amount  of  2.59. 

The  fresh  condition  of  the  rock  is  evident  here  also  in  the  small 
amounts  of  carbonic  acid  and  water. 

The  second  augite-dioryte  from  Richmond  (So.  8)  consists  there" 
fore  of  a  compound  of  plagioclase  {with  perhaps  some  orthoclase), 
hornblende^  diallage^  magnetite,  apatite^  very  little  biotite^  quartz  and 
pyrife. 

At  Little  Falls,  furthermore,  are  distinct  augite-diorytes,  with 
several  modifications,  from  the  same  range  of  rocks,  each  of  which 
we  will  particularly  describe. 

9.  Augite  dioryte  (a) from  Little  Falls.  This  rock  constitutes 
a  granular  mixture  of  plagioclase,  which  is  light-red  to  white,  in 
small  amount,  and  but  slightly  lustrous,  very  abundant  black, 
shining,  fibrous  hornblende,  in  large  crystals,  and  bright  gray- 
ish-green augite,  with  parallel  fibers.  The  last  is  also  in  less 
amount  than  the  hornblende;  it  is  dull,  or  slightly  shining,  and 
often  has  a  border  of  shining  hornblende.    Occasionally,  this  min- 
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eral  is  somewhat  more  bright  and  lustrous,  and  then  exhibits  a 
very  evident  cleavage,  which  cuts  directly  through  the  indistinct 
boundary  which  outlines  the  border  of  the  hornblende  prism. 
These  miuerals,  therefore,  are  regularly  built  upon  each  other,  and 
the  augitic  mineral  is  diallage. 

This  stone  contains  no  magnetite,  since  nothing  can  be  drawn 
from  its  powder  with  a  magnet.  Furthermore,  titanic  iron  is  not 
present,  inasmuch  as  in  the  same  powder  no  metallic  residue  is 
found  on  washing. 

Biotite  appears  only  very  rarely. 

Under  the  microscope  the  rock  shows  the  following  composi- 
tion : 

(1)  Feldspars,  which  appear  mostly  as  aggregates  of  smaller 
crystals.  They  are  generally  striated,  but  often  the  striation  can 
not  be  distinguished,  especially  if  they  are  filled  with  a  gray  gran- 
ular substance.  Sometimes  there  is  only  a  narrow  border  that  is 
free  from  this  granular  structure,  while  the  inner  portion  is  filled 
with  it. 

(2)  Quartz  appears  only  subordinately,  and  in  small,  crowded 
pieces. 

(3)  Hornblende  is  in  larger,  generally  clustered,  united  crystals, 
whose  outer  borders  are  sometimes  regular  and  sometimes  irreg- 
ular. They  are  of  a  greenish-brown  color,  strongly  dichroitic 
between  crossed  Nicols,  showing  bnlliant  colors,  are  plainly  cleav- 
able,  and  are  rich  in  inclusions  of  granular  plagioclase  and  little 
crystals.  Sometimes  in  polarized  light  they  exhibit  twinning 
lines,  by  means  of  which  one  crystal  is  separated  into  two  parts 
placed  closely  alongside  of  each  other,  which  show  different  polar- 
ization colors.  Sometimes  on  the  border  of  these  are  several 
narrow  lamellae,  so  that  in  place  of  one  of  the  twinning- bands  may 
be  seen  several  very  fine  color-bands. 

(4)  Augite  appears  in  the  thin  section  much  more  abundant 
than  in  the  hand  sample.  It  is  mostly  grouped  in  clusters  of  sev- 
eral crystals,  generally  by  itself,  but  sometimes  intimately  con- 
nected with  hornblende.  It  is  partly  entirely  colorless,  and  partly 
colored  bright  green,  in  one  place  very  pure,  and  in  another  hav- 
ing a  gray  granular  substance  or  dark  yellowish-brown  spots  of 
hydrated  iron  oxide,  with  which  indeed  it  is  often  wholly  filled.  It 
appears  either  wholly  compact,  or  cut  through  by  numberless  clefts, 
which  are  sometimes  parallel,  but  also  run  sometimes  very  irregu- 
larly.   The  augitic  mineral  is  but  little  or  not  at  all  dichroitic, 
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shows  bright  polarization  colors,  is  very  frequently  perfectly  fib- 
rous, and  has  irregular  outlines. 

(5)  Here  and  there  appear  short  prismatic  crystals,  about  0.18 
mm.  thick,  with  regular  six-sided  outlines,  and  often  numerous  di- 
agonal cleavage-lines  parallel  to  the  plan  oP,  which  would  hardly 
be  taken  at  the  first  glance  for  apatite,  because  they  are  short  and 
thick.  Inasmuch  as  this  mineral,  which  is  soluble  in  acids,  gives 
no  cubic  precipitate  of  salt  with  concentrated  hydrochloric  acid, 
but  with  sulphuric  acid  a  lime  reaction,  and  with  molybdic  acid  a 
phosphorous  reaction,  it  must  be  apatite.  Slender  crystals  of  the 
same,  moreover,  also  occasionally  are  found. 

(6)  Some  black  metallic  grains,  very  sparsely  distributed,  and 
of  irregular  form,  are  probably  magnetite  or  titanic  iron. 

The  chemical  analysis  of  the  augite-dioryte,  No.  9,  gave  the  fol- 
lowing : 

Silica 46.62 

Alumina 13.87 

Sesquioxide  of  iron 3.71 

Protoxide  of  iron 8.79 

Lime  . . . . : 11.00 

Magnesia 10.04 

Potash  1.01 

Soda 2.13 

Water 1.05 

Carbonic  acid 0.47 

Total  98.59 

Phosphoric  acid 0,32 

The  rock  is,  therefore,  a  very  basic  one,  notwithstanding  its  con- 
tent of  quartz,  and  is  remarkable  for  its  high  percentage  of 
magnesia,  lime,  and  protoxide  of  iron,  owing  to  the  predominating 
abundance  of  hornblende.  But  since  generally  hornblende  con- 
tains more  magnesia  than  lime,  and  diallage  is  present  in  too 
small  quantity  to  lay  any  claim  to  the  amount  of  lime  indicated,  a 
part  of  the  lime  must  belong  to  the  plagioclase.  Hence  it  might 
be  concluded,  from  the  petty  amount  of  quartz  seen  in  the 
thin  section,  that  the  plagioclase  comes  nearer  anorthite  than 
albite.  The  small  percentage  of  potash  in  the  rock  might  be  referred 
to  the  presence  of  orthoclase,  amounting  at  most  to  5.96  per  cent.: 
but  is  more  probably  only  an  accidental  ingredient  of  the  plagio- 
clase.   The  content  of  apatite  amounts  to  0.78  per  cent.    That 
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the  rock  is  not  entirely  unchanged  is  shown  by  the  presence 
of  water  and  carbonic  acid. 

The  augite-dioryte  No.  9,  from  Little  Falls^  consists^  therefore^  of 
a  basic  plagioclase  (perhaps  with  some  arthoclase)  very  much  horn^ 
blende^  some  diallage,  isolated  large  apatite  crystals^  a  very  little 
quartz  and  biotite^  and  a  very  small  quantity  of  magnetite  and 
titanic  iron. 

10  Augite-dioryte  (b)  of  Little  Falls,  Like  the  foregoing,  this 
rock  also  consists  of  a  granular  mass;  embracing  abundant,  brightly 
lustrous,  black  hornblende;  white  to  reddish  fine  grained  feldspar 
on  the  cleavage  planes  of  which  there  can  be  seen  generally  no 
twinning  lines;  scattered  gray  quartz;  occasional  scales  of  biotite, 
and  specks  of  pyrite,  as  well  as  a  light-grayish-green  to  liccht-brown 
augitic  mineral  which  has  a  border  of  lustrous  hornblende,  but 
which  is  very  much  changed.  For  that  reason  although  the  rela- 
tion of  its  cleayage-planes  to  those  of  the  hornblende-band  surround- 
ing it  cannot  be  learned  with  certainty,  yet  it  has  the  appearance 
here  as  if  the  cleayage-planes  of  the  augite  cut  off  the  cleavage 
edges  of  the  hornblende;  and  hence  the  mineral  can  be  considered 
diallage. 

Under  the  microscope  can  be  seen  occasionally  rather  large,  ap- 
parently pure  crystals  without  any  trace  of  striation.  These  can 
probably  be  considered  orthoclase.  This  mineral  embraces  some- 
times numerous  gray  or  white  grains,  so  thickly  crowded  that  it 
becomes  now  translucent.  The  tnclinic  feldspars  appear  in  numer- 
ous smaller  crystals  which  often  are  apparently  pure,  but  also  are 
filled  sometimes  with  grayish  grains.  Quartz  appears  scattered  in 
larger  or  smaller  kernels  embraced  between  the  crystals  of  feldspar; 
it  is  uncommonly  rich  in  fluid-inclusions  of  many  forms,  and  often 
with  rapidly  moving  bubbles.  The  hornblende  is  of  a  green-brown 
color.  It  is  strongly  dichroic,  and  in  all  respects  as  in  number  9. 
The  augite  is  rarely  visible.  It  forms  the  center  of  hornblende 
crystals,  is  either  light-greenish-gray,  nearly  colorless  and  non- 
dichroic,  or  green,  granular  and  fibrous,  and  then  somewhat 
dichroic;  and  is  cut  by  irregular  fracture  lines.  Quite  common  are 
isolated  crystals  of  apatite,  which  have  a  thickness  exceeding  0.2 
mm.  They  can  be  distinguished  by  the  reactions  already  men- 
tioned. Brown  biotite  scales,  as  well  as  black  grains  of  magnitite 
or  of  titaniferous  iron,  are  rare. 

The  chemical  analysis  of  the  augite-dioryte  No.  10  gave  the  fol- 
lowing result. 
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SiOa.i 52.36 

AlaOs 15.72 

FeaO, 2.90 

FeO 7.32 

CaO 8.98 

M«0 7.36 

KaO 1.32  (with  a  small  trace  of  LijO) 

Na,0 2.81 

HjO 1.35 

CO2 0.23 

101.34 
PaOs : 0.30 

The  higher  content  of  silica  in  this  rock  above  the  former  is  in 
consequence  of  the  greater  amount  of  quartz  present.  That  the 
amount  of  orthoclase  cannot  be  very  great  is  shown  by  the  small 
amount  of  potash.  It  reaches  therefore  not  to  exceed  7.8  per  cent. 
The  lower  percentage  of  lime  and  magnesia  in  comparison  with  No. 
9  is  in  consonance  with  a  somewhat  less  amount  of  hornblende, 
and  perhaps  also  with  a  lower  amount  of  lime  in  the  plagioclase. 
The  apatite  reaches  0.73  of  the  rock. 

Augite-dmyte  No.  10  consists  therefore  of  plagioclase,  probably 
some  crthoclase,  some  quartz,  much  hornblende^  a  littte  diallage,  a  very 
little  apatite,  biotite  and  magnetite  or  titanic  iron. 

11.  Augite-dioryte  (c)  from  Little  Falls.  Makes  a  medium- 
grained  mass  of  white,  triclinic  feldspar  whose  striation  cannot 
always  be  distinguished;  abundant  hornblende;  bright  grayish- 
green  to  bright-green  diallage,  which  appears  to  be  present  in  but 
small  amount,  and  rather  frequent  brown  scales  of  biotite. 

Under  the  microscope  it  can  be  seen  that  the  feldspar  is  generally 
striated,  and  that  it  is  pure  and  clear  only  about  its  edges,  but  its 
interior  is  filled  with  granular  substance;  that  quartz  is  but  seldom 
present,  and  the  hornblende  is  the  same  as  in  Nos.  9  and  10.  The 
diallage  is  colored  light-green,  or  flecked  with  light  and  darker 
green.  It  is  sometimes  as  grains  in  the  center  of  hornblende, 
sometimes  regularly  connected  with  it,  and  sometimes  existing  alone 
in  the  feldspar.  Sometimes  the  external  borders  of  the  crystals  are 
formed  so  sharply  that  they  could  be  measured.  The  angle  found 
amounted  to  about  137^,  which  answers  to  the  angle  00  P  :  00  f  00 
of  aus^ite.  The  diallage  is  not  in  the  least  dichroic;  it  is  cut 
by  fissures  that  run  sometimes  parallel  to  the  long  axis  of  the 
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crystal,  and  sometimes  in  every  direction.  Diallage  here  is 
found  in  remarkably  large  amount,  so  that  it  falls  but  little  below 
hornblende.  Sometimes  are  seen  bright  greenish  brown  scales 
•  of  biotite;  finally,  apatite  appears  in  short  thick  crystals,  and  long 
slender  needles. 

The  augite-diory te.  No.  11,  differs,  therefore,  from  No.  9  and  No. 
10,  especially  in  its  richness  in  diallage. 

12.  Feldspaihic  augite-dioryte  {d)from  Ldttle  Falls, — This  rock 
consists  macroscopically,  of  a  meilium-grained  mass  made  up  of  an 
abundant  white  or  grayish-white  feldspar,  which  appears  very 
dense  ;  that  is  to  say,  like  a  dense  mass  of  very  fine  grains  of  feld- 
spar, and  of  black,  brightly  lustrous  elongated  crystals  of  horn- 
blende, which,  however,  is  less  abundant  than  the  feld- 
spar. Mingled  with  both  these  principal  ingredients  is  a  bright 
green  augite,  which  forms  the  central  kernel  in  the  hornblende 
grains.  Unfortunately,  the  cleavage  of  the  augite  is  not  sufiiciently 
evident  to  show  with  certainty  whether  there  is  a  regular  passage 
in  the  hornblende.    Quartz  and  biotite  are  not  present. 

Under  the  microscope  it  can  be  seen  at  once  that  the  feldspar 
consists  constantly  of  very  numerous  small  crystals  intact  on  all 
sides,  generally  showing  a  clear,  bright,  narrow  border,  and  an 
impure  center  filled  with  a  gray  granular  substance.  Border  and 
center  are  sharply  deHned,  especially  in  polarized  light,  and 
the  boundary  corresponds  exactly  with  the  outer  surface.  Both 
are  triclinic  uniformly,  and  it  is  seldom  that  no  twinning-striation 
can  be  distinguished. 

Embraced  between  the  feldspar  crystals  can  be  seen,  much  more 
rarely,  isolated  segregations  of  quartz,  which  contain  fluid- inclu- 
sions with  moving  bubbles. 

The  hornblende  appears  brownish-green,  is  strongly  dichroic, 
and  suflers  on  all  sides  from  the  encroachments  of  the  forms  of  the 
feldspar  crystals,  so  that  but  few  opportunities  are  found  to  see 
the  natural  borders  of  the  hornblende  itself.  Many  crystalline 
grains  of  plagioclase  are  also  included. 

The  augite  is  quite  colorless,  or  light-green.  It  appears  only  as 
kernels  within  the  hornblende,  and  is  pierced  with  fissures  that  are 
nearly  parallel,  or  wholly  irregular,  It  is  not  dichroic,  generally 
very  pure,  but  em))races  dark,  granular  impurities  along  some  of 
its  fissures  and  on  its  edges.  The  surrounding  band  of  hornblende 
generally  is  complete  for  each  individual. 

Apatite  appears,  sometimes  in  thick  and  sometimes  in  needle 

shaped  crystals,  which  often  are  in  groups. 
6 
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Small  scattered  grains  that  are  opaque  and  haye  a  metallic  luster, 
are  probably  magnetite  or  titanic  iron. 
The  chemical  composition  of  aagite-dioryte  No.  12  is  as  follows: 

SiO, 51.27 

AlaO, 23.72 

FeA 1.35 

FeO 3.81 

CaO 10.50 

MgO .3.30 

K,0 0.65 

NssO 3.35     (with  a  yery  small  trace  of  LiiO) 

H,0 1.23 

CO, 0.35 

99.53 
P2O6 0.37 

This  rock  contains,  notwithstanding  its  scattered  grains  of  free 
quartz,  only  a  low  percentage  of  silica.  The  high  percentage  of 
alumina  and  lime  corresponds  with  its  lar^e  amount  of  lime-feld- 
spar; that  this  is  not  anorthite  is  declared  by  the  percentage  of  soda. 
The  plagioclase  hence  comes  very  near  labradorite.  Orthoclase 
appears  to  be  wanting — the  small  amount  of  potash  could  be  em- 
braced in  the  triclinic  feldspar;  it  would  at  the  most  require  a  per- 
centage of  3.84  of  orthoclase.  The  small  amount  of  magnesia 
gives  a  datum  for  calculating  the  amount  of  hornblende  in  the 
rock.  Apatite  reaches  0.90  per  cent.  Notwithstanding  its  very 
fresh  appearance,  this  rock  still  has  evidently  some  contained 
water  and  carbonic  acid. 

The  augUe-dioryte  No.  12  consists,  tJierefore^  of  plagioclase^  horn- 
hlende^  augite  {probably  diallage ),  a  little  quartz,  very  little  inagnet- 
ite  or  titanic  iron,  and  apatite. 

According  to  the  foregoing  the  augite-diorytes  consist,  in  general^ 
of  a  combination  of  plagioclase,  which  approaches  nearest  to  labra- 
dorite (perhaps  with  some  orthoclase),  hornblende,  which  very  com- 
monly is  associated  with  and  regularlq  changed  into  diallage,  biotite, 
magnetite  ( perhaps  occasionally  a  little  titanic  iron ),  and  apatite  ; 
along  with  which  only  a  very  small  amount  of  quartz  is  also  em- 
braced.  The  rock  approaches  hornblende-gabbro,  but  is  rery  poor 
in  augite;  which,  however,  can  be  observed  in  the  form  of  diallage, 
though  not  in  all  cases,  while  true  hornblende-gabbro  contains 
very  distinct  diallage  in  noticeable  quantity,  as  well  as  a  large 
amount  of  magnetite  and  titanic  iron,  which  is  not  the  case  with 
augite-dioryte. 
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A.ccompanymg  the  diorjtes  from  Little  Falls  (and  appearing  in 
that  vicinity)  is  a  rock^  which  perhaps  is  only  a  modification  of 
the  same  species,  though  it  differs  from  them  in  several  particulars; 
60  that  it  possibly  may  be  pronounced  another  rock.  More  exact 
investigation  in  the  region  and  in  situ  can  alone  determine  this. 
It  therefore  will  provisionally  be  classed  as  an  augite-dioryte. 

13.    Augite-dioryte  {e)from  Little  Falls. 

This  singular  rock  appears,  macroscopically,  to  consist  of  a 
medium-grained  assemblage  of  the  following  minerals: 

(1)  Feldspar  grains  of  a  bright  yellowish-gray,  or  dirty-white 
color,  sometimes  reflecting  the  light  brightly,  though  principally 
but  slightly  lustrous;  for  the  most  part  with  evident  twinning- 
striation,  rarely  without  it. 

(2)  Diallage.  This  mineral  is  present  in  very  large  amount, 
sometimes  in  rather  small  grains,  sometimes  also  in  large  indi- 
vidual crystals,  with  four  angles,  eight  to  ten  millimeters  in  size. 
It  is  of  a  light  green,  or  brownish-green,  or  yellowish-green  color, 
lustrous  or  but  slightly  so,  often  only  shimmering  ;  it  fuses  with 
some  difSculty  in  thin  slivers,  under  a  feeble  flame,  to  a  grayish- 
preen  glass;  and  possesses  three  rather  evident  cleavage-directions. 
Those  two  that  are  less  evident  form  with  each  other  an  angle  of 
about  88  degrees.  That  which  is  most  distinct  cuts  directly  across 
the  apex  of  the  other  two,  that  is,  it  forms  with  each  of  them  an 
angle  of  about  134  degrees.  Should  the  two  former  planes  be  con- 
sidered ooP,  then  the  principal  cleavage-plane  would  be  equal  to 
col  00,  as  is  the  case  in  other  diallages.  The  fusibility  of  the 
mineral  prevents  its  being  styled  enstatite  ;  if  it  were  hypersthene 
it  would  be  fusible  with  more  difSculty,  also  the  color  of  the  bead 
would  show  a  high  content  of  iron,  which  is  not  the  case.  It  must 
therefore  be  pronounced  diallage,  of  which,  it  is  true,  the  principal 
cleavage-plane  is  generally  far  more  perfect  than  in  this  mineral, 
while  the  tendency  of  cleavage  in  accordance  with  the  columnar 
planes  is  usually  hard  to  distinguish,  though  here  it  is  quite  promi- 
nent. 

This  diallage  here  never  appears  alone,  but  it  is  constantly  fur- 
nished with  a  lustrous  brownish-black  border  of  hornblende,  which 
grows  upon  the  central  grain  of  diallaee  in  such  a  manner  that 
the  cleavage-plane  cotoo  ot  the  latter  exactly  forms  a  right  angle 
with  the  columnar  planes  of  the  hornblende  —  that  is  to  say,  forms 
an  angle  in  both  directions  with  the  cleavage -planes  of  the  horn- 
blende of  about  153  degrees,  while  these  latter  make  external 
angles  of  160-161  degrees  with  the  cleavage-planes  ooP  of  the 
diallage,  as  can  be  seen  in  the  following  diagram  : 
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The  width  of  this  border  of  hornblende  is  very  variable  ;  some- 
times it  is  very  narrow,  in  other  places  it  is  wider,  even  so  wide 
that  but  a  very  small  nucleus  of  diallage  remains.  Here  obviously 
the  hornblende  results  from  the  diallage,  and  it  is  possible  that 
wherever  hornblende,  in  the  rock,  exists  without  a  central  grain 
of  diallage,  it  may  also  have  been  produced  from  diallage,  because  it 
differs  in  no  respect  from  the  hornblende  borders.  Unfortunately, 
it  was  not  possible  to  extract  a  sufScient  quantity  of  the  diallage, 
free  from  hornblende,  for  analysis  of  each  separately. 

(3)  Hornblende.  This  appears  sometimes  alone,  and  sometimes 
as  borders  about  the  diallage.  It  is  present  in  large  quantity,  of  a 
brownish-black  color,  brightly  lustrous,  fibrous,  and  plainly 
cleavable. 

(4)  Biotite,  in  numerous,  brightly-lustrous  scales,  of  a  dark- 
brown  color. 

(5.)  Quartz  can  be  distinguished  with  certainty,  in  light  gray 
grains. 
The  microscopic  examination  gave  the  following  result: 
The  feldspars,  in  by  far  the  greater  number  of  cases,  are  marked 
by  very  beautiful,  remarkably  distinct,  lines  of  twinning  striation. 
They  are  tolerably  pure,  and  contain  generally  only  small,  irregu. 
lar  specks  and  scales,  but  at  the  same  time  also  granular  aggrega* 
tions  which  often  form  an  inner  nucleus  with  a  distinct  outline, 
parallel  with  the  outer  clear  border,  and  especially  when  the 
twinning  lines  are  wanting.  Sometimes  these  crystals,  particularly 
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the  impure  ones,  are  formed  of  successive  layers,  each  layer  being 
Tery  thin,  placed  over  each  other  like  numerous  laminae  ;  which 
have  the  deceptive  appearance  of  a  twinning  striation;  and  since 
the  stone  has  a  high  percentage  of  potash,  one  would  be  justified 
in  considering  these  feldspars  without  twinning  lines  as  orthoclose. 

The  hornblende  is  brown,  sometimes  also  green,  in  the  latter 
case  impregnated  with  viridite,  strongly  dichroic,  cut  either  with 
parallel  cleavage,  or  with  systems  of  cleavage,  that  make  an  angle 
with  themselves  of  about  125  degrees.  The  outlines  of  the  horn- 
blende are  sometimes  very  irregular;  especially  in  the  larger 
grains  that  are  associated  with  diallage  ;  for  the  most  part  exhibit 
the  forms  of  long,  slender,  rather  straight  crystals  (cut  lengthwise,) 
in  which,  however,  cannot  be  seen  the  characteristic  form  of  horn- 
blende ;  sometimes  thin  sections  appear,  though  not  often,  acci- 
dentally parallel  to  oP,  in  which  the  sides  run  parallel  to  the 
cleavage  lines,  which  intersect  each  other  at  125  degrees.  These 
«re,  therefore,  forms  that  are  peculiar  only  to  hornblende,  and  they 
-cannot  be  present  in  augitic  minerals.  Such  hornblendes,  there- 
fore, are  in  no  case  secondary  products  of  change  from  augite,  be- 
>cause  they  are  present  in  their  own  forms.* 

Diallage  is  visible  almost  entirely  as  internal  central  grains 
within  the  hornblendes.  It  is  then  colored  very  light-green,  or  is 
colorless,  but  sometimes  also  darker  green  by  reason  of  a  mingling 
of  viridite;  it  is  not  dichroic,  but  shows  between  the  Nicols  bright 
polarization  colors.  It  is  cut  by  fissures  which  seldom  are  parallel 
to  each  other,  but  for  the  most  part  run  very  regularly.  The  horn- 
blende borders  either  form  somewhat  large  crystallites  lying  thickly 
upon  each  other,  or  consist  of  a  fibrous  collection  mingled  with 
diallage  and  filled  with  viridite,  or  they  are  formed  very  perfectly  so 
that  the  individuals  that  constitute  them  have  everywhere  a  parallel 
position.  The  regular  outline  is  lost  where  it  a i joins  the  diallage, 
as  it  is  continually  and  very  irregularly  changing  outward  and  in- 
ward, in  proportion  as  the  hornblende  encroaches  more  or  less  on 
the  augite;  indeed  it  advances  along  the  fissures  very  much  like 
veins  far  into  the  interior  of  the  diallage,  so  that  one  cannot  escape 
the  conviction  that  the  hornblende  is  here  a  product  of  change 
fr6m  the  diallage.  This  conviction  might  also  be  made  more  gen- 
eral, so  as  to  hold  the  smaller  hornblende  crystals  as  completely 
changed  augite;  contrary  to  which  however  the  fact  remains  that 
these  smaller  hornblende  crystals  have  their  own  independent  forms. 

*  OompMre,  however,  more  recent  statements  by  Prof.  Irving:  <-^m.  Jour,  SeUnee  cmd 
>Arfa,1883.— N.  H.W. 
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It  is  necessary  therefore  to  conclade  that  the  hornblende  in  this 
rock  is  sometimes  an  original  and  sometimes  a  secondary  pro- 
duct. 

The  diallage  sometimes  is  twinned,  several  wide  laminae  alter- 
nating with  each  other  conformably  to  the  urthopinacoid.  Par- 
allel to  this  twinning  the  first  fissures  run. 

Magnetite,  or  titanic  iron  appears  but  very  rarely. 

On  the  other  hand  quartz  is  rather  abundant,  embraced  between  ' 
the  straight  borders  of  the  feldspar  crystals.    It  is  also  here  very 
pure,  and  contains  fluid-inclusions  in  which,  however,  but  very 
rarely  can  be  seen  any  moving  bubbles. 

The  apatite  crystallites  are  narrow  and  long,  as  well  as  short 
and  wide,  and  rather  abundant.  The  latter  would  be  known  as 
apatite  by  their  chemical  reaction. 

Biotite  is  known  by  its  dark  greenish-brown,  entirely  nOn-trans- 
lucent  plates,  which  have  always  an  irregular  ontline. 

The  augite  dioryte  No.  13,  from  Little  Falls  has  the  following 
composition  : 

SiOa 56.49 

AUO3 17.49 

Fe208 3.51 

FeO 3.72 

CaO 6.64 

MrO 4.01 

K2O 3.20  (with  a  trace  of  Li^O  ) 

NaaO 4.49 

H2O 1.14 

C0« trace 

101.19 
PA 0.18 

Here  it  appears,  at  the  outset,  that  this  rock  no  more  belongs  to 
the  class  of  basic  rocks  than  the  foregoing  rocks,  but,  indeed,  has 
a  content  of  silica  somewhat  higher,  because,  as  has  been  found,  it 
possesses  a  notable  amount  of  free  quartz.  The  small  quantity  of 
iron  is  due  to  the  presence  of  a  little  magnetite  or  titanic  iron. 
Very  noticeable  is  the  high  percentage  of  potash,  which,  if  it  were 
turned  entirely  to  the  formation  of  orthoclase,  would  supply  to  the 
rock  a  percentage  of  18.92  of  this  mineral,  which  would  be  nearly 
one-fifth  of  the  whole.  But  the  microscopic  examination  teaches 
that  by  far  the  largest  part  of  the  feldspar  is  plagioclase,  and  that 


Digitized  by  VjOOQIC 


STATE  GEOLOGIST.  71 

only  a  few  of  the  larger  crystals  consist  of  orthoclase.  Therefore, 
it  appears  that  a  large  part  of  the  potash  must  belong  to  the  plag- 
ioclase.  The  small  amount  of  lime  seen  in  the  rock  is  divided 
between  diailage  and  hornblende  on  the  one  side,  and  the  plagio- 
clase  on  the  other.  To  the  latter,  therefore,  belongs  only  a  portion 
of  the  lime  present,  but  nearly  the  whole  of  the  soda,  amounting 
to  4.49  per  cent.,  to  which  also  a  part  of  the  potash  must  be  added. 
The  plagioclase,  therefore,  which  composes  a  predominant  portion 
of  the  rock,  is  rich  in  alkali,  and  comparatively  poor  in  lime  ;  it 
will,  therefore,  come  nearer  to  albite  than  to  anorthite,  and  it 
would  not  be  amiss  if  it  should  be  reckoned  as  oligoclase,  or  per- 
haps, as  andesite.  That  diailage  and  hornblende  are  less  in  amount 
than  feldspar,  is  shown  by  the  low  percentage  of  magnesia.  As 
there  is  almost  no  magnetite  nor  titanic  iron,  nearly  the  whole  of 
the  iron-oxide  is  due  to  the  diailage  and  hornblende,  which  also  lay 
claim  to  a  part  of  the  lime,  and  very  likely,  also  a  part  of  the  soda. 
Apatite  reaches  0  44  per  cent. 

The  augite-dioryte  (e)  from  Little  Falls^  No.  13  consists^  there* 
forey  of  plagioclase  ( oligoclase  or  andesite ),  some  orthoclase  and 
quartz^  of  hornblende  and  diailage^  intimately  associated  with  each 
other^  biotitet  a  very  little  apatite^  magnetite'  or  titanic  iron.  The 
rock  is  distinct  therefore,  in  its  mineralogical  and  chemical  compo- 
sition, from  the  other  augite-diorytes  from  Little  Falls  by  reason 
of  its  high  per  centage  of  silica,  its  comparative  richness  in  quartz, 
its  content  of  potash  and  orthoclase,  as  well  as  of  oligoclase  and 
and  esite,  while  the  rocks  of  the  vicinity  contain  labradorite,  at 
least  a  basic  plagioclase,  and  finally  by  reason  of  its  greater  rich- 
ness in  diailage.  In  consequence  of  which  this  rock  is  related  to 
hornblende-gabbro  by  reason  of  its  diailage,  to  augite-quartz-dio- 
ryte  by  its  containing  quartz,  but  to  the  syenitic  rocks  by  its  con- 
taining quartz  and  orthoclase.  Therefore  there  might  be  a  tempta- 
tion to  separate  it  from  the  augite-diorytes,  as  a  different  rock, 
standing  between  syenite  and  gabbro.  The  fact  that  the  augite- 
diorytes  from  Little  Falls  are  themselves  very  changeable  in  their 
composition,  and  that  the  rock  in  question  appears  to  be  associ- 
ated with  them,  was  snfScient,  instead,  to  determine  us  to  unite  it 
provisionally  to  the  augite-diorytes. 

IV.      QUARTZ-DIOBTTB. 

This  rock  occurs  at  Sank  Center  and  Little  Falls,  at  the  latter 
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place,  though,  only  ia  a  few  limited  courses  in  the  midst  of  mica 
schists. 

14.  Quartz-dioryte  from  Sauk  Center.  •  This  comprises,  macro- 
scopically,  a  medium  grained  mixture  of  the  following  minerals. 

Feldspar  is  generally  grayish-white,  sometimes  brightly  lus- 
trous, but  generally  dull  and  not  very  fresh.  Wherever  the  princi- 
pal cleavage-plane  is  sufficiently  bright  the  twinning-striation  can 
be  seen,  and  hence  the  feldspar  seems  to  be  triclinic. 

Quartz  is  abundant  in  gray,  irregularly  shaped  grains. 

Hornblende  is  of  a  dark  brownish-black  color,  but  not  so  strongly 
lustrous  as  other  fresh  hornblendes.  It  is  fibrous,  and  only  rarely 
appears  in  independent  grains,  but  generally  in  groups.  In  amount 
it  is  about  the  same  as  the  feldspar. 

Titanic  iron  is  in  very  small,  dark  gray,  nearly  black,  grains, 
with  a  black  metallic  luster.  In  order  to  determine  this  mineral 
with  care  the  powdered  rock  was  carefully  washed.  The  last  re- 
maining grains,  with  metallic  luster,  were,  it  is  true,  somewhat 
magnetic,  but  they  gave  before  the  blow-pipe  an  evident  titanium 
reaction,  and  were  entirely  insoluble  in  muriatic  acid. 

Pyrite  in  scattered  specks. 

Epidote  in  secretions  that  are  small,  scattered,  and  of  a  bright 
green  color. 

The  microscopic  examination  gave  the  following  : 

The  feldspar  is  for  the  most  part  only  translucent,  and  is  filled 
with  a  white  granular  mass.  These  granular  inclusions  also  gen- 
erally obscure  the  color  lines  in  polarized  light,  which,  neverthe- 
less, here  and  there  come  out  very  evident.  The  mineral  therefore 
might  be  taken  either  for  a  triclinic  feldspar  or  orthoclase.  But 
the  latter  certainly  can  be  present  in  only  very  small  quantity,  on 
account  of  the  small  percentage  ( 1.02)  of  potash  found  in  the  ag- 
gregate analysis.  But  the  feldspar  contains,  besides  the  fine  white 
grains,  also  very  numerous  green  grains  and  scales  of  a  substance 
like  viridite. 

The  hornblende  appears  in  dark-brown,  or  greenish-brown  indi- 
viduals generally  bounded  by  right  lines,  or  irregular  groups  of  the 
same.  It  is  strongly  dichroic,  cut  by  numerous  cleavages,  which 
are  parallel  or  so  directed  as  to  intersect  each  other  at  obtuse  angles. 
Sometimes  it  shows  itself  in  linear  or  nettedly-fibrous  aggregates, 
which  often  are  crowded  with  viriditic  substance.  This  granular 
viriditic  substance  also  encroaches  on  the  hornblende  in  so  large 
masses,  in  some  parts,  that  it  is  no  longer  recognizable.     The 
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hornblende  here  also  sometimes  contains  frequent  cavities  with 
movable  bubbles. 

It  would  seem  as  if  here  also,  in  some  of  the  hornblendic  grains, 
an  augite  center  exists,  and  in  some  cases  the  center  acts,  especially 
in  polarized  light,  differently  from  the  border.  But,  as  in  these 
cases  the  inner  portion  is  often  filled  with  viridite,  it  is  impossible 
to  know  the  presence  of  augite  with  absolute  certainty,  though  it 
can  be  considered  very  probable. 

The  quartz  is  embraced  between  the  feldspar  and  hornblende 
crystals  in  considerable  amount,  but  appears  also  sometimes  in 
original  hexagonal  outlines.  It  contains  rarely  numerous  pores 
and  little  sacks,  with  movable  bubbles,  or  with  colorless  cubes,  or 
with  both  at  the  same  time  ;  rarely  with  many  needles  of  apatite, 
and  sometimes  inclusions  of  viridite. 

Epidote  is  of  a  light  greenish-yellow  color,  and  at  the  same  time 
but  little  dichroic,  but  shows  between  the  Nicols  lively  polariza- 
tion-colors. In  direct  light,  it  appears  yellowish-white.  Generally 
it  is  pierced  by  numerous  irregular,  very  fine  cracks  and  cleava6:es, 
and  often  is  tolerably  pure  ;  yet  very  often  grains  of  viridite  show 
themselves,  sometimes  entirely  filling  it.  Likewise,  sometimes, 
brownbh-colored  or  fine  gray  grains  are -very  numerous  in  it. 
The  outer  boundary  of  the  epidote  is  very  seldom  straight,  but  on 
the  contrary,  very  jagged. 

The  titanic  iron  is  quite  often  in  six-sided  individuals,  sometimes 
in  groups. 

Also,  apatite  is  in  comparatively  large  amount,  being,  indeed,  in 
all  parts ;  it  is  sometimes  in  fine  needles,  sometimes  in  rather 
large  crystals,  over  two-tenths  of  a  millimeter  long  and  seven- 
hundredths  of  a  millimeter  wide,  or  in  hexagonal  thin-sections. 
Not  only  does  the  angle  P  :  oo  P.  which  many  times  was  deter- 
mined at  about  130  degrees,  identify  this  mineral  as  apatite,  but 
also  its  chemical  reaction.  The  larger  crystals  are  not  pure,  but 
show  numerous  small  cavities,  though  without  bubbles. 

The  chemical  composition  of  the  quartz-dioryte  No.  14,  is  as 
follows : 

SiOa 56.59 

AUO, 12.41 

FejOg 5.89 

FeO 10.28 

CaO 6.70 

MgO 2.02 

K,0 1.02 
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NaaO 4.27 

H,0 1.45 

COa trace. 

100.13 

P2O5 0.44 

TiO, 0.22 

The  following  conclusions  result  from  this  analysis  : 

The  low  percentage  of  potash  points  to  a  small  per  cent*  of 
orthoclase  (at  most  6.03),  if  all  the  potash  is  not  embraced  in  with 
the  triclinic  feldspar.  The  comparatively  high  percentage  of  soda^ 
and  the  small  amount  of  lime,  which  latter  belongs  in  part  to  the 
hornblende,  the  epidote  and  apatite,  point  conclusively  to  the 
presence  of  a  feldspar  rich  in  soda  and  poor  in  lime,  which  therefore 
will  come  near  to  andesite  or  oligoclase.  Although  the  hornblende 
is  present  in  notable  amount,  yet  there  is  only  a  low  percentage  of 
magnesia.  It  must  therefore  be  poor  in  this  respect.  But,  also, 
it  cannot  contain  much  lime,  which  is  claimed  partly  by  the  other 
minerals.  Consequently  it  must  be  very  rich  in  iron-oxide,  and 
perhaps  contains  also  some  soda.  Very  remarkable  is  the  low  per- 
centage of  silica,  notwithstanding  the  presence  of  a  notable  amount 
of  quartz.  This  can  only  be  accounted  for  in  that  the  hornblende 
is  poor  in  silica,  and  that  through  the  presence  of  titanic  iron  the 
percentage  of  silica  of  the  whole  rock  is  reduced.  The  apatite 
amounts  to  1.07  of  the  rock.  Without  regard  to  the  appearance 
of  the  individual  minerals,  the  water  present  amounting  to  1.45, 
shows  that  the  rock  is  no  lons;er  entirely  fresh. 

The  foregoing  examination  teaches  that  the  quartz-dioryte  No.  14^ 
from  Sauk  Center^  consists  of  a  mingling  of  plagioclase  {andesite  or 
oligoclase ),  hornblende  ( apparanily  sometimes  with  an  augitic  cen- 
ter ),  and  quartz,  in  medium-sized  grains^  with  which  are  found,  in 
subordinate  amounts,  orthoclase  ( doubtfully ),  epidote,  titanic-irony 
apatite,  and  a  very  little  pyrite. 

15.  QuarfZ'diorytefrom  Litlle  Falls.  This  rock  consists,  macro- 
scopically,  of  a  coarse-grained  mixture  of  the  following  minerals. 

(1)  Black  hornblende.  The  crystals  are  frequently  perfectly 
formed,  so  that  notably  the  planes  ooP  and  oofoo  are  nearly  every- 
where plainly  visible,  according  as  one  or  the  other  is  displayed 
tabularly,  while  the  terminal  planes  are  wanting.  They  are  fibrous, 
and  therefore  but  slightly  lustrous,  or  merely  shimmering.  Before 
the  blow-pipe  the  hornblende  fuses,  after  a  slight  intumescence,  to 
a  black  glass. 
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(2)  A  dense  fine-griined  gray  mass,  apparently  consisting  of 
an  impure,  dense,  or  rather  fine  grained  crystalline  feldspar,  which 
only  fills  the  interstices  between  the  hornblende  crystals. 

( 3 )  Quite  frequently  are  seen  scattered,  well  formed  rhombic 
dodecahedrons  of  brownish-red  garnet. 

The  pulverized  rock  contains  no  trace  of  a  m^ignetic  substance. 
In  the  slime  appear  no  heavy,  black,  metallic  grains,  but  only  light 
flakes  of  biotite. 

With  the  microscope,  the  following  can  be  discerned  : 

(1)  The  hornblende  crystals  are  very  sharp,  and  wholly  bounded 
by  right  lines.  They  are  sometimes  of  a  greenish  brown  color, 
and  then  they  are  strongly  dichroic;  or  they  are  green,  and  appear 
flecked,  apparently  impregnated  with  viridite,  and  then  they  are 
less  dichroic,  but  yet  more  strongly  than  the  augite.  A  difi^erence 
between  the  inside  and  the  outer  border  cannot  be  discovered. 
This  hornblende  is  now  possessed  of  numerous  inclusions,  among 
which,  appear,  particularly,  colorless  angular  kernels  of  quartz,  as 
well  as  of  feldspar.  Hence,  the  mineral  appears,  especially  between 
crossed  Nicols,  like  a  sieve,  in  which  the  hornblende  looks  very 
black,  but  the  abundant  included  grains  shine  out  in  variegated 
colors.  The  hornblende  is  cut  sometimes  by  parallel  cleavage 
running  lengthwise,  and  sometimes  by  very  fine  irregular  fissures. 

(2)  Between  these  regularly  developed  crystals  of  hornblende 
is  a  fine-grained  aggregate  of  quartz,  feldspar,  and  of  little  black 
angular  grains,  that  are  sometimes  also  brown.  The  quartz  grains 
are  small,  very  clear,  and  with  very  few  cavities.  The  feldspar 
makes  little  irregularly  angular  kernels  which  cannot  be  distin- 
guished, as  to  whether  monoclinic  or  triclinic.  What  the  abundant 
opaque  black  specks  consist  of  could  not  be  determined  more 
exactly.  The  translucent  brov;n  grains,  or  blades,  certainly  were 
biotite.  Very  slender,  minute  needles  of  apatite  were  very  spar- 
ingly visible. 

(3)  Regularly  six-sided,  or  quadratic,  bright  red  crystals  of 
garnet.  It  is  penetrated  by  irregular  fissures,  and  embraces  irreg^ 
ularly-shaped  gray  grains,  and  also  cavities  of  the  same  form. 

(4)  There  are  also  a  very  few  scattered  black  metallic  secretions^ 
perhaps  some  of  titanic  iron,  the  forms  of  which  are  very  various. 

The  following  shows  the  chemical  composition  of  the  quartz- 
dioryte  No.  15,  from  Little  Falls  : 

SiOi 66.88 

AlsOi 11.69 
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Fe,0, : 1.68 

FeO 8.94 

CaO 5.45 

MgO 3.65 

K,0 0.20 

NaaO 1.25 

HaO 1.03 

COs trace. 

PaOs trace. 

100.67 

Very  remarkable  is  the  high  per  cent,  of  silica  in  this  rock, 
which  in  connection  with  the  low  per  cent,  of  alamina,  shows  that 
it  is  poor  in  feldspars  and  rich  in  quartz.  That  the  feldspars  are 
plagioclase  is  evident  from  the  very  low  percentage  of  potash.  As 
the  rock  contains  very  little  magnesia  and  lime,  bat  still  much 
hornblende,  this  latter  must  be  very  rich  in  iron  ;  perhaps  it  con- 
tains also,  further,  alumina  and  soda. 

The  quarfZ'dioryte  No.  ?5,  from  Little  Falls,  consists,  therefore, 
cf  a  mixture  of  large  hornblende-crystals,  between  which  is  embraced 
n  fine-grained  aggregate  of  quartz,  plagioclase,  black  grains  and 
biotite.  In  it  are  found  a  few  perfectly  fortned  crystals  of  garnet, 
alongside  of  which  the  hornblende  outlines  fall  away,  and  tnare 
rarely  a  very  little  apatite.  Everywhere  this  rock  appears  in  such 
relations  as  leave  it  doubtful  whether  it  can  be  considered  as  an 
independent  rock-formation. 

v.      AUQITB-QUARTZ-DIORYTB. 

16.    Augite^quartz-dioryte  {a)  from  Watab. 

Macroscopically  this  rock  appears  as  a  medium-grained  mass 
made  up  of :  — 

( 1 )  Triclinic  feldspar  of  bright  luster  and  very  distinct  stria- 
tion  ;  ( 2 )  orthoclase,  very  fresh,  and  sometimes  faintly  red  ;  ( 3  ) 
irregular  gray  quartz  grains  ;  ( 4 )  scattered  black  scales  of  biotite : 
(5)  greenish-black  hornblende,  noc  very  bright,  but  in  about 
equal  abundance  with  the  feldspar.  Upon  closer  examination  of 
the  hornblende  grains  they  can  be  seen  frequently  to  contain  a 
center  of  a  di6Serent  nature.  This  is  of  a  green  color,  shows  no 
luster  at  all,  though  having  a  shimmering  surface  passing  to  dull, 
and  possesses  a  more  distinct  cleavage,  which  forms  an  angle  of 
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about  153  degrees  mth  the  cleavage  of  the  surrounding  horn- 
blende. The  cleavage  of  the  center  therefore  truncates  the  broad 
columnar  edge  of  the  hornblende  ;  and  hence  here  also  the  center 
consists  of  diallage. 

Under  the  microscope  can  be  seen,  in  the  quartz,  which  is  very 
abundant,  along  with  the  needles  of  apatite  and  crystallites,  little 
fluid  inclusions  with  and  without  bubbles,  which  often  are  in  very 
lively  movement.  The  orthoclase  is  rather  impure  by  reason  of 
many  gray  included  grains ;  the  same  is  true  of  the  plagioclase 
the  striation  of  which  often  appears  particularly  distinct  by  rea- 
son of  lines  of  black  specks.  The  biotite  is  in  brown-translucent 
or  opaque  scales.  Magnetite,  or  titanic  iron,  is  rare.  The  horn- 
blende constitutes  light  tu  dark  brown  crystals,  that  are  cut  by 
parallel  cleavage  but  with  imperfect  outlines.  Larger  hornblende 
forms  possess  a  center  of  augitic  mineral,  that  is  diallage.  This 
.  is  colored  light  yellowish-green,  but  becomes  impure  by  reason  of 
fine  brown  or  opaque  granular  flecks,  or  even  by  brown-translu- 
cent scales  of  biotite  or  green  grains  of  viridite.  sometimes,  dis- 
tributed among  these,  can  be  seen  little  reddish  scales  with  a  faint 
metallic  luster.  It  is  wholly  non-dichroic,  sometimes  is  pierced  by 
entirely  systemless  fissures,  or  is  again  very  fibrous  so  that  in  its 
larger  masses  it  looks  like  an  assemblage  of  lighter  and  darker 
parallel  fibers.  Occasionally  this  mineral  becomes  dark  green  along 
the  edge,  and  then  passes  into  hornblende  which  everywhere  en- 
closes it.  The  surrounding  hornblende  sometines  looks  like  an 
individual  srystal,  and  makes  hence  no  distinct  line  of  separation 
from  the  diallage.  Since  this  line  appesrs  distinct  only  in  polar- 
ized light,  it  is  then  plainly  seen  to  run  out  and  in  irregularly. 
Apatite  appears  in  all  parts,  in  slender  and  also  in  thick  crystals. 

Chemical  composition  of  the  augite-quartz-dioryte  (a)  No.  16, 
from  Watab. 

SiOa.. 65.27 

AlA 16.76 

FeaO, 1.S6 

FeO 3.44 

CaO • 3.70 

MgO 2.14 

KaO 3.97 

NaaO 4.57 

HaO 0.42 

100.63 
P2O5 0.26 
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From  this  it  follows  that  the  rock  is  still  very  fresh,  inasmuch  as 
it  holds  but  little  water,  and  no  carbonic  acid;  further,  that  it  must 
be  placed  with  the  acid  rocks,  that  is  to  say,  it  accords  in  its  com- 
position with  typical  syenites,  and  especially  in  this  respect  comes 
near  to  the  syenite-granite  from  Watab.  The  high  percentage  of 
silica  is  produced  partly  by  its  richness  in  orthoclase,  and  partly 
by  its  free  quartz.  The  high  content  of  soda  of  this  rock,  in  con- 
nection with  the  low  per  cent,  of  potash,  shows  that  the  plagio- 
clase  will  have  to  be  one  rich  in  soda  and  poor  in  lime,  especially 
as  a  part  of  the  lime  is  absorbed  in  the  hornblende  and  the  augite. 
But  both  these  minerals  can  be  present  in  comparatively  small 
amounts,  on  account  of  the  small  per  cent,  not  only  of  lime,  but 
also  of  magnesia.    The  percentage  of  apatite  reaches  0.59. 

Notwithstanding  this  rock  in  its  chemical  composition  is  com- 
parable with  the  syenite-granite  from  Sauk  Rapids,  yet  its  mineral 
composition  shows  a  distinction  from  it.  In  the  first  place,  it  is 
the  plainly  visible  presence  of  an  amount  of  diallage  in  which  the 
foregoing  rock  differs  from  syenite-granite.  Further,  its  content 
of  soda  is  greater  than  its  potash,  and  the  tricllnic  feldspar  is  par- 
amount over  the  monoclinic.  On  the  other  hand,  this  rock  difien 
from  the  augite-diorytes  conspicuously  in  its  content  of  free 
quartz,  and  from  the  quartz-diorytes  by  its  containing  orthoclase 
and  diallage.  It  must,  therefore,  be  separated  from  the  above- 
named  classes,  as  augite-quartz-dioryte.  It  could  with  equal  reason 
be  designated  augite* quartz-syenite,  so  as  to  bring  out  its  afSnity 
to  the  syenites.  But  since  a  hornblendic  rock  with  abundant  plag- 
ioclase  and  a  small  amount  of  othoclase,  is  recognized  as  dioryte, 
and  one  with  much  orthoclase  and  little  plagioclase,  as  syenite,  it 
^ill  be  appropriate  to  designate  the  foregoing  rock  as  an  augite- 
quartz-dioryte. 

The  augite-quartz-dioryie  (a)  No.  16,  from  Watab,  therefore,  con^ 
sists  of  a  mediutn-g rained  assemblage  of  the  following:  plagioclase 
(oligoclase)  orthoclase,  quartz,  hornblende,  often  furnished  with  a 
central  nucleus  of  diallage,  a  little  biotite,  and  a  very  little  apatite, 
and  magnetite  or  titanic  iron. 

17.  Aug  itequartZ'dioryte  {b)  from  Watab.  This  rock  presents 
a  somewhat  diiferent  aspect  from  the  last. 

Macroscopically  it  seems  to  be  a  coarsed-grained  collectioii  of 
the  following  minerals:  (1)  red  orthoclase;  (2)  white  or  red- 
dish plagioclase,  which  is  in  greater  amount  than  the  last ;  ( 3  ) 
gray  quartz  in  very  irregularly  shaped  masses;  (4)  black  hornblende 
which  is  present  in  large  quantity.    The  crystals  of  this  are  gen- 
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orally  fibrous  and  sometimes  wholly  filled  with  biotite.  In  it  also 
are  seen  here  and  there  little  metallic  grains  in  considerable  amount. 
The  crystals  of  the  hornblende  are  rather  strongly  lustrous,  but 
Tery  frequently  contain,  within  a  lustrous  border,  a  dull  greenish- 
brown  center  with  a  cleavage  that  lies  as  the  orthopinacoid  of  the 
hornblende,  in  which  case  it  is  possible  to  measure  the  angle  which 
the  prism-faces  of  the  hornblende  make  with  the  cleavage  of  the 
central  grain,  amounting  to  150-153  degrees.  This  center  here 
also  plainly  consists  of  an  augitic  mineral  with  a  very  couspicu- 
ous  cleavage,  namely  diallage.  The  fifth  ( 5 )  ingredient  is  therefore 
diallage.  ( 6 )  Biotite  ;  this  is  found  in  scattered  brown  scales  or 
in  slightly  lustrous  aggregations,  the  latter  when  it  encroaches  on 
the  hornblende  :( 7 )  Metallic  grains,  which  appear  sometimes 
in  octahedrons,  are  magnetite ;  ( 8 )  Occasionally,  even  under  the 
lens,  long  needles  of  apatite  are  distinguishable,  both  in  the  feld- 
spar and  in  the  hornblende. 

By  a  microscopic  examination  the  quartz  is  shown  to  be  present 
in  large  amount.  It  contains  many  fluid  inclusions,  very  often 
with  movable  bubbles.  The  feldspars  are  completely  overstrewn 
and  filled  with  grayish-white  grains,  so  that  they  are  often  hardly 
transparent.  As,  therefore,  the  striation  is  obscured,  it  is  impos- 
sible to  determine  whether  orthoelase  or  plagioclase  predominates. 
On  the  other  hand,  the  twinning-striation  frequently  is  indicated 
with  the  greatest  distinctness;  inasmuch  as  the  included  impurities, 
which  consist  either  of  fine  grains,  or  of  long,  slender,  slightly 
colored  blades,  that  cut  each  other  alternately  like  wedges,  run  in 
parallel  lines,  and  by  the  regularity  of  this  parallel  arrangement 
give  perfect  expression  to  the  twinning-striation.  The  hornblende 
crystals  are  greenish-brown  or  brown,  and  strongly  dichroic,  cut 
by  parallel  cleavage,  and  of  irregular  outlines.  Sometimes  they 
are  penetrated  by  green  viridite.  The  augitic  mineral  is  generally 
in  light-brown  or  dark-green  crystals,  but  little  dichroic,  ofben 
very  fibrous,  and  nearly  always  surrounded  by  hornblende. 
Between  crossed  Nicols,  the  fibrous  structure  becomes  especially 
distinct  as  an  irregular  color-striation.  This  diallage  is  also  often 
filled  with  viridite;  aud,  further,  it  contains  grayijsh-looking  gran- 
ular groups  of  elongated  form  and  parallel  structure,  as  well  as 
dark-brown  elongated  entirely  rod-like  crystals,  which  likewise  lie 
parallel.  The  hornblende  border  is  sometimes  very  thin,  and  some- 
times so  wide  that  the  diallage-nucleus  occupies  but  a  very  small 
space.  Sometimes  this  border  is  very  regular,  in  so  far  as  it  per- 
tains to  a  single  individual.    Often  no  distinct  separation  between 
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the  two  minerals  can  be  seen  ;  it  only  appears  in  polarized  light. 
Magnetite  (or  titanic  iron)  is  in  scattered  grains  or  in  irregular 
clasters,  generally  in  connection  with  the  hornblende.  Biotite 
forms  dark-green  to  brown,  translucent  or  opaque  plates.  Apatite 
is  evident  in  numerous  large  needles ;  and,  finally,  epidote  and 
pyrite  are  very  rarely  seen. 

The  augite-dioryfe  (h)  from  Watah^  No.  17^  forms,  there/ore,  a 
coarse-grained  collection  of  plagioclase,  orthoclase^  quartz^  hom-^ 
blende^  diallage;  and  connected  with  this,  biotite^  magnetite  {or 
titanic  iron)  and  apatite,  and  very  rarely  epidote  and  pyrite. 

YI.      SYBNITB-QBANITB  (hOBNBLEKOE-OBAKITE). 

This  rock  occurs  at  Sauk  Rapids,  St.  Cloud,  Watab,  and  Rock- 
ville  on  the  Sauk  river. 

18.  Syenite-granite  (a)  from  Sauk  Rapids.  This  rock  consists, 
macroscopically,  of  a  medium  to  coarse-grained  collection  of,  (1) 
red  and  sometimes  nearly  colorless  orthoclase,  in  which  the  cleav- 
age surfaces  are  rather  bright;  (2)  white,  brightly-shining,  triclinic 
feldspar;  both  these  feldspars  are  very  abundant;  (3)  quartz  in 
the  form  of  frequent  gray  grains ;  ( 4 )  scattered  scales  or  clusters 
of  brownish-black  biotite  ;  not  frequent ;  ( 5)  common  hornblende^ 
of  a  black  color,  in  separate  crystals,  of  irregular  outlines,  or  in 
groupb,  often  mixed  with  biotite.  This  hornblende,  besides,  plajs 
only  a  subordinate  role. 

Microscopically  one  observes  :  — 

( 1 )  Orthoclase.  This  is  very  impure,  often  completely  filled 
with  very  fine  powder  which  consists  of  irregular  brown  and  gray 
I2:rains,  but  is  not  uniformly  disseminated. 

(2)  Plagioclase.  This  is  very  often  crossed  by  right  lines  of  a 
black  granular  substance  parallel  to  the  twinning  striation.  This 
feldspar,  besides,  is  everywhere  filled  with  brown  and  gray  grains. 

(3)  Quartz  is  present  in  large  amount,  in  smaller  and  larger 
masses,  sometimes  only  filling  the  interstices  between  the  feldspar 
grains,  and  sometimes  in  apparently  independent  forms.  It  con- 
tains matiy  fluid  inclusions,  with  movable  bubbles,  more  rarely 
long  needles  or  short  thick  crystals  of  apatite,  black  specks,  brown 
or  greenish  scales,  and  larger  colorless  crystallites  with  quadratic 
or  rectangular  cross-section. 

(4)  Dark  brown  to  greenish-brown  very  dichroic  hornblende, 
not  very  abundant.  Sometimes  this  is  completely  opaque,  and 
then  appears  black  but  with  no  metallic  luster,  and  therefore  filled 
with  an  opaque  non-metallic  substance. 
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(5)  The  plates  of  biotite  are  very  seldom  seen.  They  are 
mostly  conGaed  to  the  vicinity  of  the  hornblende,  and  are  con* 
cealed  by  the  opaque  masses.  ' 

(6)  Magnetite  in  scattered  grains  (apparently  octahedrons) 
is  not  abundant,  and  also  adheres  mostly  to  the  hornblende. 

( 7  )  Apatite  occures  in  nearly  ail  the  minerals  in  the  form  of 
long  and  short,  thick  and  slender,  crystals,  which  often  show  the 
planes  oP,  ooP  and  P  ;  also  hexagonal  cross  sections  are  visible  ; 
these  crystals  are  always  very  pure. 

( 8 )  Small,  greenish-brown,  pyramidal  crystals,  which  were  not 
more  exactly  determinable,  come  very  rarely  into  view. 

The  chemical  composition  of  the  syenite-granite  {a)  from  Sauk 
Rapids,  No.  18,  is  as  follows :  — 

SiOj 67.70 

AI2O, 16.11 

FtaO, 2.47 

FeO 2.29 

CaO 2.89 

MgO 1.11 

K,0 4.47 

NnaO 8.64 

H»0 0.88 

COa trace 

101.44 
PA 0.18 

The  high  percenf  age  of  silica  answers  to  the  presence  of  a  large 
amount  of  free  quartz  as  well  as  of  orthoclase  (2  >.48  p.  c.)  which 
is  indicated  by  the  4.47  of  potash.  Further,  again,  the  tolerably 
high  content  of  soda  which  is  referable  to  an  amount  of  triclinic 
albite,  presupposes  an  equally  high  content  of  silica.  This  tri^ 
clinic  feldspar  will  come  much  nearer  albite  than  auorthite,  be- 
cause in  comparison  with  3.64  p.  c.  of  soda  only  2.89  p.  c.  of  lime  is 
found  in  the  whole  rock,  and  a  small  part  of  this  lime  is  needed 
for  the  hornblende.  It  would  be  entirely  right  therefore  to  con- 
sider the  plagioclase  as  oligoclase.  flow  little  the  hornblende  is, 
is  evident  from  the  small  percentage  of  magnesia  and  iron  oxides, 
while  the  latter  besides,  take  part  in  the  forming  of  the  magnetite. 
Apatite  amounts  to  0.82. 

The  syenite-granite  ( a  )  from  Sauk  Rapids^  No.  18^  consists  there- 
fore of  a  medium  to  coarse-grained  collection  of  orthoclase^  oligo^ 
clase  and  quartz  ;  with  which  are  added^  in  subordinate  amounts^ 
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hornblende^  biotite,  magnetite^  apatite,  and,  very  sparingly,  scattered 
grains  which  are  small  pyramidal  crystals  of  a  greenishrhrown 
color,  not  determinable* 

19.  Syenite-granite  (b)  from  Sauk  Rapids  is  a  rock  of  some- 
what different  appearance,  coming  from  the  same  quarry.  Macro- 
scopically  this  rock  differs  from  No.  18,  only  in  the  greater  amount 
of  change  suffered  by  the  larger  masses  of  hornblende.  These  are 
tolerably  soft,  and  have  a  light  greenish-gray  streak.  Microscopi* 
cally,  the  quartz  is  noticeable  for  the  great  numbers  of  fluid-inclu- 
sions with  movable  bubbles.  At  one  spot  could  be  seen  a  bright 
four-angled  grain  alongside  of  a  movable  bubble,  which  was  tossed 
about  by  the  bubble.  It  probably  is  chloride  of  sodium.  The 
hornblende  is  converted  partly  into  a  green,  viriditic  mass,  but  is 
sometimes  unchanged.  In  the  midst  of  the  dichroic  brown  horn- 
blende is  occasionally  seen  a  nucleus  not  dichroic,  greenish  in  color 
and  filled  with  granular  substance,  which  perhaps  may  be  referred 
to  some  augitic  mineral.  A  similar  appearance  is  repeated  in  the 
same  rock  from  another  place. 

20.  Syenite-Granite  from  St.  Cloud  consiats  macroseopically  of 
a  medium-grained  mixture  of  orthoclase,  plagioclase  and  quartz,  as 
predominating  ingredients,  among  which  are  seen  scattered  crys- 
tals of  brownish-black  hornblende  in  somewhat  greater  propor- 
tions than  m  the  rocks  from  Sauk  Rapids.  In  addition  to  these 
there  are  also  little  scales  of  biotite  and  occasionally  a  little  pyrite. 
The  larger  hornblendes,  which  afford  the  identification  of  the  six- 
sided  outline  of  this  mineral  (ooP  .  oofoo)  and  the  angle  of  125 
degrees  which  the  columnar  sides  make  with  each  other,  contain  a 
center  consisting  of  a  green  chloritic  mass  surrounded  by  a  thin 
band  of  biotite.  Between  them  still  is  seen  hornblendic  sub- 
stance. 

The  microscopic  conditions  are  like  those  of  Nos.  18  and  19, 
though  here  were  a  few  scattered  hornblendes  in  which  was  a  non- 
dichroic  center  which  perhaps  is  derived  from  an  augitic  mineral. 

21.  Syenite  granite  between  Sauk  Rapids  and  St.  Cloud.  This 
ifr  also  very  similar  to  the  above  named ;  it  contains,  as  can  be  seen 
by  the  unaided  eye,  in  the  greenish-black  hornblende,  a  m^ph  de- 
cayed mineral  of  a  yellowish-green  to  brown  color,  which  can  be 
recognized  as  augite.  Very  rarely  a  black  mineral  whose  hardness 
is  6,^  can  be  seen,  whose  fracture  is  conchoidal  and  exhibits  a 
strongly  waxy  or  glassy  luster,  and  which  perhaps  should  be  con- 
sidered allanite  or  orthite. 

22.  Porphyritic  syenite-granite  from  Watab.    This  rock  has  a 
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medium  to  a  fine  grained  groundmass,  with  rather  large  crystals  of 
red  orthoclase  which  are  surrounded  sometimes  by  a  band  of  plar- 
gioclase,  The  granular  groundmass  consists  of  quartz,  red  ortho- 
clase and  plagioclase,  and  greenish-black  hornblende  in  subordinate 
amount. 

Under  the  microscope  the  quartz  contains  numerous  very  fine 
fluid  cavities,  with  and  without  bubbles,  more  rarely  apatite,  and 
green  grains  of  hornblende.  The  orthoclase  is  for  the  most  part, 
but  especially  in  the  large  crystals,  completely  filled  with  brown 
or  i2:ray  granular  masses,  and  also  embraces  kernels  and  scales  of 
hornblende.  Plagioclase  is  but  scatteringly  seen.  It  is  also  very 
impure,  filled  with  granular  silbstance.  The  hornblende  exhibits 
irregular  outlines,  has  a  brown  or  green  color,  is  dichroic,  fibrous, 
and  appears  mostly  in  small  secretions,  indeed  principally  in  grains 
and  scales  in  the  quartz  and  feldspar.  Black  opaque  grains  are 
probably  magnetite  or  titanic  iron.  Apatite  is  in  slender  needles 
in  all  portions. 

The  following  is  the  chemical  composition  of  the  porphyritic 
syenite-granite  from  Watab,  No.  22  : 

SiOa 70.05 

AI2O, 15.04 

FeaOi 1 .  70 

FeO 1.09 

CaO 1.97 

MgO 0.82 

K2O 5.09 

NajO    4.77 

HaO 0.81 

101.34 
P2O, 0.07 

From  which  it  appears  that  this  rock  belongs  to  the  roost  acidic 
of  this  class,  and  that  it  is  therefore  rich  in  quartz.  The  ortho- 
clase, reckoned  from  the  content  of  potash,  reaches  30.1  per  cent. 
But  the  plagioclase  is  also  found  plentiful,  as  seems  from  the 
amount  of  sodA  present.  As,  furthermore,  the  rock  contains  but 
little  lime  this  must  come  nearer  albite  than  anorthite,  and  hence 
it  is  nearest  to  oligoclase.  The  low  percentage  of  magnesia  and 
iron-oxides  is  in  accordance  with  the  very  small  amount  of  horn- 
blende. 

All  these  rocks,  therefore^  having  the  composition  of  syenite-granite^ 
consist  of  quartz^  orthoclase,  oligoclase,  toith  a  little  hornblende,  bio- 
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tite^  apatite^  and  aotne  magnetite  or  titanic  iron.  In  the  hornblende 
is  sometimes  a  central  mass  which  might  be  taken  for  au^ite.  Some- 
times these  rocks  are  porphyritic. 

These  rocks  are  placed  as  syeaite-i^ranite  or  homblendio-granitet 
aad  not  syenite,  for  the  reason  that  hornblende  in  them  is  very 
sparse,  while  the  ingredients  of  granite  are  very  abundant. 


From  this  examination  of  the  hornblende-bearing  rocks  of  Minne- 
sota it  appears,  as  a  common  and  important  result,  that  there  a 
whole  class  of  basic  and  acid  rocks  is  found,  which,  along  with 
hornblende  as  an  essential  ingredient,  contain  also  an  augitic  min- 
eral, which,  while  subsisting,  it  is  true,  sometimes  as  an  indepen- 
dent ingredient,  is  for  the  most  part  intimately  connected  with 
hornblende,  indeed  is  entirely  conformable  to  it  in  its  mineralogical 
developement.  This  augitic  mineral  is  present  not  only  in  the 
basic  rocks,  but  also  in  the  acidic  which  contain  orthoclase  and 
quart/. ;  in  the  most  acidic,  it  is  true,  it  is  only  indicated,  its 
presence  here  not  being  proved  with  certainty.  This  augitic 
mineral  is  found  to  consist  everywhere  of  diallage,  in  which  the 
most  evident  cleavage  plane  truncates  the  obtuse  columnar  edge  of 
the  hornblende  that  envelopes  it.  The  association  of  these  two 
minerals  is  one  so  irregular,  the  hornblende  encroaches  in  so  thin 
partings  into  the  augitic  substance,  that  one  cannot  resist  the  idea 
that  here  the  hornblende  is  derived  from  the  augite.  The  final 
proof  of  this  view,  however,  will  be  produced  when  it  has  been 
pointed  out  that  the  outer  envelop  of  the  whole  crystal  takes  upon 
itself  the  form  of  augite.  Should  this  proof  be  attained,  then  it 
will  be  necessary  to  conclude  that  other  hornblendes  which  no 
longer  have  an  augitic  center,  have  resulted  from  augite,  an^  that 
in  them  the  change  has  become  completed  —  that  is  to  say  that  the 
rocks  under  consideration  were  once  still  richer  in  augitic  mineral 
than. they  now  appear. 

These  rocks  with  diallage  belong  consequently  to  a  group  of  the 
old  rocks  recently  made  known  for  the  first  time,  in  which  augite 
and  hornblende  exist  at  the  same  time.  Without  mentioning  the 
gabbro-rocks,  in  which  the  co-existence  of  these  two  minerals  has 
been  known  for  a  long  time,  here  belong  the  syenites  from  Schar- 
fenstein  described  by  Ealkowsky\  also  the  augite-syenite  from 
Monzoni  which  according  to  G.  von  Rath'  has  the  hornblende 

Tjfihrb.  1876,  p.  140.     2  Zeltachr,  d.d.  geol.  Gtea.  XXVIII.  p.  SB. 
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as  an  accessory  ingredient,  but  according  to  Doelter*  in  greater 
quantity  than  the  aagite.  Yon  Rath*  has  stated  also  that  at 
Laurvig  a  rock  appears  similar  to  aagite-syenite,  and  the  same  in- 
vestigator reports^  that  at  LePrese  the  dioryte  changes  into  gabbro 
by  acquiring  diallage.  Here  therefore  the  changed  rock  would  cor- 
respond to  augite-dioryte.  The  co-existence  of  augite  and  horn- 
blende in  the  older  rocks  was  also  noted  by  Eurenz^  in  a  dioryte  at 
Trier,  by  Schmid^  in  a  labradorite-dioryte  from  Ehrenberg,  by 
Wiik  in  a  dioryte-porphyry  from  Nokkala  in  Finnland,  and  in  a 
dioryte-diabase'  from  Helsingfors ;.  by  Mattesdorf  ^  in  a  moDzonyte 
from  the  Agnelloberg  ;  by  Gumbel"  in  a  rock  of  the  Fichteigebirg, 
by  Tschermak'^  in  a  diabase  from  the  Caucasus  and  in  the  mela- 
phyrs"  of  the  Fassathal". 

YII.     HORNBLEKDB-LESd   GRANITE. 

This  rock  occurs  at  Watab,  and  at  Goldspring,  above  Rockville, 
on  the  Sauk  river.  * 

The  granite  from  Watab,  which  forms  low  hills  at  the  entrance 
to  the  place,  consists  of  a  medium  grained  collection  of  quartz, 
grayish-white  orthoclase  which  for  the  most  part  is  in  large  crys- 
tals, grayish-white  plagioclase  and  numerous  scales  of  biotite. 

The  granite  from  Goldspring  is  porphyritic.  Here  lie  coarse 
crystals  of  reddish  orthoclase,  white  plagioclase  and  coarse  grains 
of  gray  quartz,  in  a  medium  to  fine  grained  ground  mass  which 
consists  of  quartz,  much  orthoclase,  a  little  plagioclase  and  some 
biotite. 

QiESSEN  and  HANiiroyBB,  August,  1876. 

8  Jahrb,  d.  k.  k.  geol.  Itolohs-AnstAlt.  1875.  XXV.  p.  217.  Verh.  d.  k.  k.  geol.  Beiohs- 
Anstalt,  1875.  No  14,  p.  247:  No,  15,  p.  280;  No.  16.  p  304. 

4  Zeitaohr  d.  d  g  Of  a.  p.  858.      6  Poff.  Ann.  114,  p.  348,  Anmerk. 
6  This  Jahrb.  1876,  p.  176       7  I>er  Ehrenberx.  p  10. 
STUsJahrb.  1876.P.209.      0  This  Jahrbuch,  1876.  p   206. 
10  Vfrh.  d  k.  k.  «eol.  R- A.,  1876,  No .  2,  p.  33,     11  Dieses  Jahrb.  1876,  p.  436. 
12  Min.  Mltth.  1876.  p.  182. 

18  Porphyr-QesUne  (Esierrelohs,  p.  124.  See  also  Dcetler  in  Min.  Bfitth.  1875.  p.  170,  and 
Jahrb  d.  k  k.  g.  R-A.  1875.  p.  224. 

14  During  the  oorreotion  of  the  proofisheets  I  received  a  very  interesting  work  ftrom  Rosen- 
busch.  in  which  the  evidence  is  given  that  in  the  variety  of  granite  described  by  him  as 
^anityte,  augite  is  not  very  rare,  and  Sumetimes  is  associated  with  hornblende  to  a  re- 
markable extent  in  the  granite-porphyries.    Z.  d.  d.  g.  0. 1876,  p.  860. 
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III. 

NOTES  OF  ROCK-OUTCROPS  IN  CENTRAL  MINNESOTA. 


BY  WARRBK  UPHAM. 


The  following  pages  record  observations  of  the  localities,  ex- 
tent, and  most  noticeable  lithological  characters  of  the  crystalline 
rocks  in  the  central  part  of  the  state,  mostly  in  Morrison,  Steams 
and  Benton  counties  ;  and  of  their  few  outcrops  farther  northwest 
in  Todd  county  and  the  southwest  corner  of  Cass  county,  and  on 
the  east  in  the  northwest  corner  of  Sherburne  county  and  in  Mille 
Lacs  and  Eanabec  counties  ;  with  a  description,  also,  of  the  sand- 
stones and  the  copper- bearing  trappean  rocks,  which  lie  next  east- 
ward in  Kanabec,  Pine  and  Chisago  counties.  This  district  is  al- 
most entirely  drift-covered  and  heavily  timbered.  A  map  of  it^ 
showing  the  rock-outcrops  here  described,  is  presented  on  plate  I. 
The  detailed  descriptions  of  the  several  counties  are  given  in  the 
following  order  :  Cass,  Todd,  Morrison,  Stearns,  Sherburne,  Ben- 
ton, Mille  Lacs,  Eanabec,  Pine  and  Chisago. 

A  large  area  in  Stearns,  Sherburne  and  Benton  counties,  includ- 
ipg  the  valuable  quarries  of  Saint  Cloud,  Haven,  Sauk  Rapids  and 
Watab,  consists  of  syenite  and  exhibits  no  laminated  or  gneibsic 
structure.  It  has  considerable  variety  in  texture,  as  to  its  coarse- 
ness of  grain  and  readiness  to  be  quarried  and  wrought  to  aiiy  re- 
quired form.  Mostly  its  color  is  light  gray,  but  upon  some  extensive 
tracts  it  has  a  red  tint,  similar  to  that  of  the  celebrated  granite  of 
Aberdeen  in  Scotland.  In  other  portions  of  this  district,  granite, 
gneiss  and  mica  schist  are  the  common  rocks,  sometimes  associated 
with  syenite.  Their  strike  is  usually  to  the  northeast  or  east-north- 
east. 

At  Little  Falls  and  Pike  rapids,  and  for  several  miles  to  the 
south,  west  and  north,  as  also  at  the  mouth  of  Fish  Trap  brook  in 
northern  Todd  county,  is  a  group  of  rocks  quite  different  from  the 
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foregoing,  its  range  of  variation  being  from  a  highly  cleavable  clay 
slate,  and  from  a  mica  schist  enclosing  many  crystals  of  staurolite 
and  sometimes  garnets  and  iron  pyrites,  to  a  very  compact  and 
tough,  massive  dioryte. 

0A88    COUNTY. 

The  only  rock-outcrops  known  in  Cass  county  are  at  Pokegama 
falls  on  the  Mississippi  river,  described  on  page  195  of  the  ninth 
annual  report ;  and  those  of  T.  134,  R.  32,  the  most  southwest 
township  of  this  county,  about  eighty  miles  southwest  from  Poke- 
gama falls,  and  five  miles  northwest  from  Motley.  The  latter  were 
first  described  by  Professor  Winchell  on  page  46  of  the  sixth  an- 
nual report.  The  area  of  frequently  outcropping  rock  at  this  lo- 
cality reaches  about  a  half-mile  from  south  to  north,  and  has  a 
width  of  twenty  to  forty  rods.  It  is  mostly  in  the  E.J  of  the  N,E.i 
of  section  28,  and  extends  north  into  the  southeast  part  of  the 
S.  E.  i  of  section  21,  and  perhaps  also  beyond  the  lines  of  these 
into  the  adjoining  sections  22  and  27  on  the  east.  These  outcrops 
in  their  southern  part  have  a  hight  one  to  three  feet,  and  in  their 
middle  and  northern  part  five  to  eight  feet,  above  the  general  sur- 
face of  moderately  undulating  drift,  being  20  to  40  feet  above  the 
Grow  Wing  river,  which  lies  about  three-fourths  of  a  mile  to  the 
southwest.  The  only  considerable  elevation  in  this  vicinity  is  a 
hill  of  glacial  drift,  extending  a  quarter  of  a  mile  from  north  to 
south,  situated  a  short  distance  east  of  these  ledges,  in  the  west 
edge  of  the  N.  W.  i  of  section  27.  This  rises  40  to  50  feet  above 
the  rock  exposures,  and  about  75  feet  above  the  extensive  marsh  at 
its  east  side.  Mainly  the  surface  of  this  hill,  as  of  the  surrounding 
region,  is  sand  and  fine  gravel,  but  boulders  of  granite  up  to  five 
feet  in  diameter  are  found  sparingly  at  its  top  and  on  its  sides. 

The  greater  part  of  the  rock  exposed  here  is  gray  syenite,  rather 
fine-grained,  containing  both  white  and  flesh-colored  feldspar,  and 
a  greenish  mineral,  which  last  is  sometimes  most  abundant  in 
streaks  or  veins,  up  to  two  inches  in  width.  Rarely  two  or  three 
of  these  veins  are  seen  within  a  foot,  giving  the  rock  a  somewhat 
schistose  structure.  In  the  middle  part  of  this  area  some  of  its 
ledges  are  granite,  having  principally  a  white  feldspar,  and  includ- 
ing evident  lumps  of  mica  and  also  the  green  mineral  of  the 
syenite. 

Two  wide  dikes  of  dark,  tough,  massive,  trappean  rock  were 
noted.    One  of  these,  near  the  south  end  of  this  area,  is  visible 
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for  an  extent  of  twelve  or  fifteen  rods  being  fifty  to  sixty  feet 
wide.  The  line  of  contact  with  tbe  syenite  on  the  northeast  side 
of  this  dike  is  very  distinct  and  sharply  defined  along  its  exposure 
two  or  three  rods  in  extent,  bearing  S.  50^  E.  At  the  second  dike, 
near  the  north  end  of  these  exposures,  both  lines  of  contact  with 
the  enclosing  syenite  are  visible  at  many  places  along  a  distance  of 
fully  two  hundred  feet,  bearing  S.  70^  E.,  which  is  the  course  of  a 
conspicuous  system  of  joints  in  the  syenite.  The  width  of  this 
dike  is  thirty  feet.  From  its  northern  side  a  branch  of  irregular 
course  and  varying  from  two  feet  to  three  inches  in  width  reaches 
forty  feet  northerly,  as  shown  in  fig.  2,  plate  I.  At  one  point  sev- 
en or  eight  feet  from  the  main  dike,  an  offshoot  from  this  branch 
is  seen  extending  several  feet  with  a  width  from  one  inch  to  only 
an  eighth  of  an  inch.  The  aspect  of  this  dark  eruptive  rock  is 
nearly  the  same  in  all  portions  ;  its  line  of  contact,  wherever  ex- 
posed, is  very  sharply  defined  ;  and  the  syenite  adjoining  shows  no 
notable  difference  from  that  at  a  greater  distance.  Some  portions 
of  the  syenite  and  granite  here  may  be  found  valuable  for  quarry- 
ing, which,  though  several  times  contemplated,  has  not  yet  been 
undertaken. 

TODD  COUNTY. 

Only  two  localities  of  rock  in  place  are  known  in  this  county. 
These  are  in  the  townships  of  Moran  and  Ward. 
'  Moran.  In  the  channel  of  the  Long  Prairie  river  at  the  mouth 
of  Fish  Trap  brook  and  for  a  third  of  a  mile  along  this  brook  next 
above  its  mouth,  being  in  the  west  part  of  section  34,  T.  133,  R. 
32^  five  miles  southwest  from  Motley,  are  extensive  outcrops  of 
dark  and  tough,  nearly  black  dioryte,  resembling  that  found  at 
^^  the  point,^^  about  a  half  mile  south  of  Little  Falls.  It  is  a  very 
compact,  coarsely  crystalline  rock,  with  no  lamination  or  apparent 
tendency  to  split  more  readily  in  one  direction  than  another. 
Some  of  the  large  blocks  of  this  stone,  lying  in  the  bed  of  the 
Fish  Trap  brook  near  E.  P.  Jones^  mill,  which  is  an  eighth  of  a 
mile  above  its  mouth,  ring  sonorously  like  an  iron  kettle  when 
struck  by  a  hammer.  This  rock  forms  ledges  one  to  four  rods 
long,  rising  one  to  five  feet  above  the  water,  in  the  channel  of 
Long  Prairie  river  and  in  both  its  banks  at  the  mouth  of  this  trib- 
utary, and  at  a  few  places  for  six  or  eight  rods  distance  both 
above  and  below.  Its  outcrops  along  Fish  Trap  brook  are  seen  at 
many  places  to  Jones'  mill,  but  above  this  for  about  a  quarter  of 
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a  mile  are  mostly  covered  by  the  mill-pond.  Farther  above,  it  has 
no  exposure  along  this  brook,  which  flows  over  glacial  drift  with 
many  boulders  and  frequent  rapids.  In  the  vicinity  of  the  mill 
its  ledges  occupy  a  width  from  two  to  four  rods,  and  rise  about 
twenty  feet  above  the  brook.  It  is  mostly  divided  by  joints  from 
two  to  ten  feet  apart ;  but  when  Mr.  Jones  built  his  dam,  he  re- 
ports that  he  uncovered  an  extent  of  thirty  feet  of  it  without  a 
seam.  This  rock  is  wholly  worthless  for  quarrying  because  of  its 
toughness  to  drill,  and  more  especially  because  of  the  diflSculty  to 
bring  it  into  any  desired  dimension.  It  is  very  hard  to  fracture 
and  is  evidently  very  durable. 

Frequent  outcrops  of  this  rock,  of  small  extent  and  bight, 
are  reported  within  the  next  two  miles  eastward,  in  sec- 
tions M  and  85  and  in  the  S.  E.  i  of  section  36,  also  probably 
reaching  across  the  township  line,  into  the  edge  of  the  sections 
next  south.  Itfr.  Jones,  who  has  explored  this  district,  thinks  that 
the  only  exception  from  the  character  of  the  rock  as  described,  is 
a  small  belt  seen  at  the  the  east  side  of  Fish  Trap  brook,  extend- 
ing from  the  lumbermen's  dam  at  its  mouth  a  distance  of  about 
ten  rods  along  the  east  shore  of  the  pond.  Here  a  nearly  black 
slate  is  exposed,  having  its  cleavage  vertical  or  differing  from  this 
within  a  limit  of  five  degrees  upon  each  side.  Its  strike  is  N.  55^ 
W.,  being  parallel  with  the  brook.  The  width  of  this  slate  visi- 
ble is  only  from  five  to  fifteen  feet,  and  its  contact  with  the  neigh- 
boring dioryte  is  not  seen.  * 

fVard.  The  other  rock-outcrop  in  Todd  county  is  ten  and  a 
half  miles  farther  southwest,  lying  nearly  at  the  center  of  the  N. 
£.  i  of  section  15,  T.  131,  B.  33,  the  west  township  of  Ward.  It 
is  on  land  of  Joseph  Woell,  a  third  of  a  mile  west  of  Long  Prairie 
hver,  and  an  eighth  of  a  mile  east  of  the  road  from  Motley  to 
Long  Prairie,  which  here  runs  on  the  west  edge  of  the  valley-plain 
of  modified  drift.  The  extent  of  this  ledge  is  some  twenty  rods 
from  northwest  to  southeast,  with  a  width  of  three  or  four  rods, 
including  several  exposures,  the  longest  of  which  reaches  about  a 
hundred  feet.  Their  hight  is  frt>m  four  to  eight  feet  above  the 
plain,  which  is  about  fifteen  feet  above  the  river..  This  rock,  most- 
ly quite  uniform  in  composition,  color,  and  texture  throughout 
this  aiea,  is  a. bright-colored,  medium-grained,  gray  syenite  ;  con- 
tauiiug  about  equal  amounts  of  quartz,  whitish  feldspar,  and  darki 
nearly  black,  hornblende  ;  with  a  somewhat  smaller  proportion  of 
a  light-green  miueral  (probably  epidote),  in  rather  smaller  grains 
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than  the  foregoing.  This  seems  to  be  the  same  mineral  with  that 
mentioned  in  the  rock  of  Cass  county,  five  miles  northwest  of 
Motley,  and  it  is  present  as  a  principal  ingredient  of  the  rock  in 
Ashley,  Stearns  county;  but  it  has  not  been  noted  io  other  outcrops 
of  these  crystalline  rocks.  The  whole  ledge  here  has  this  mineral 
in  nearly  equal  amount,  the  only  exceptions  being  very  rare  con- 
cretions, one  to  two  inches  long  and  thin,  composed  of  a  dark- 
greenish  micaceous  mineral,  and  very  rare  seams  or  Yeins,  a  six- 
teenth to  an  eighth  of  an  inch  wide  and  a  few  feet  long,  composed 
of  the  light-green  mineral  which  is  generally  disseminated  through 
this  rock.  The  only  other  vein  or  variety  noted  was  a  mass  of 
coarsely  crystalline,  flesh-colored  feldspar,  exposed  upon  a  patch 
of  only  about  one  foot,  but  probably  forming  part  of  a  long  vein, 
adjoining  which  the  rock  was  more  jointed  and  coarse-grained  than 
ordinary.  This  ledge  is  generally  iiitersected  by  nearly  vertical 
joints,  from  two  or  three  to  eight  feet  apart.  It  has  never  been 
quarried,  but  ^ill  probably  be  found  valuable  for  common  masonry; 
and  dimension  stone,  six  to  eight  feet  long,  could  be  readily  ob-f 
tained.  Though  nowhere  obviously  schistose,  the  grains  of  this 
rock  are  all  slightly  prolonged  in  parallelism  with  each  othen   • 

MORRISON  OOUKTT. 

This  large  and  diversified  county  has  many  outcrops  of  the  bed- 
rocks. Their  prevailing  types  through  the  part  of  the  county  east 
of  the  Mississippi  are  granite,  syenite,  and  gneiss.  Along  this 
river  and  farther  west  they  are  slate,  staurolite-bearing  mica  schist> 
and  dioryte.  The  former  belong  to  a  group  which  has  its  cfaarac* 
teristic  development  in  the  syenites  of  Benton  and  Stearns  counties, 
and  in  the  granites  and  gneisses  of  the  upper  Minnesota  valley. 
Though  the  geographical  continuation  of  the  second  group  of  slate 
and  associated  rocks  cannot  be  traced  because  of  overlying  drift, 
their  lithological  character  shows  them  to  be  probably  connected 
and  of  the  same  age  with  the  slates  of  the  lower  part  of  the  St. 
Louis  river  and  its  vicinity.  The  hydromica  schists  found  in  Carl* 
ton  county  near  Moose  Lake  station  may  also  belons:  to  this' second 
group. 

It  seems  probable  that  the  slate,  staurolitic  schist  and  diory  te  of 
•Morrison  county,  and  ofnorthern  Todd  county  at  and  east  from  the 
mouth  of  Fish  Trap  brook,  form  a  synclinal  axis  or  basin  bounded 
both  east  and  west  by  formations  of  granite,  syenite  and  gneiss. 
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In  describing  the  ledges  observed  in  Morrison  county,  these  groups 
are  treated  of  separately,  the  eastern,  mostly  granitic  and  gneissic 
rocks,  which  are  believed  to  be  the  older,  being  first  considered. 

Buckman.  This  is  T.  39,  R.  30.  Its  only  rock-outcrop,  so  far 
as  learned  of,  is  on  land  of  A.  B.  Skinner,  in  the  S.  W.  i  of  the 
N.  W.  i  of  section  18,  a  short  distance  east  of  the  road  which 
runs  on  the  west  line  of  the  township,  aud  north  of  a  small  creek. 
It  is  a  coarse-grained,  reddish  syenite,  nearly  like  that  which  oc- 
curs at  many  places  in  Sauk  Rapids  and  Watab,  Benton  county. 
Several  exposures  of  the  rock  are  seen  upon  a  space  of  about  one 
acre,  the  largest  being  four  rods  long  from  north  to  south,  and 
rising  three  or  four  feet  above  the  general  surface.  Many  blocks, 
four  to  fifteen  feet  in  diameter,  are  scattered  near. 

Rich  Prairie  and  vicinity.  Proceeding  northward  toward  the 
village  of  Rich  Prairie,  in  Pierz  township,  the  next  exposure  of 
rock  is  found  about  one  and  a  fourth  miles  south  of  this  village. 
It  is  at  the  east  side  of  Skunk  river,  in  the  S.  W.  i  of  section  17, 
on  land  of  John  Stumpf.  Its  area  is  equal  to  about  forty  teet 
square,  and  its  bight  is  ten  feet  above  the  river.  This  rock  is  a 
gray  granite,  containing  considerable  black  mica. 

One  and  a  half  miles  west  from  the  last,  and  about  a  third  of  a 
mile  south  of  Fish  lake,  upon  the  S.  E.  i  of  section  13,  T.  40,  R. 
31,  is  an  outcrop  of  rock  extending  about  fifteen  rods  from  east  to 
west  and  twelve  rods  from  north  to  south,  rising  four  or  five  feet 
above  the  general  surface.  Its  eastern  part  is  owned  by  Nicholas 
Meyer,  and  its  west  part  by  Anton  Ranch.  This  is  a  fine-grained, 
light  gray  granite,  very  uniform  in  texture,  with  no  veins  or 
masses  of  other  rock  visible.  It  is  divided  by  joints  into  beds  one 
to  two  feet  thick,  dipping  about  20^  S.,  but  it  is  not  cut  by  vertical 
joints.  It  has  been  only  slightly  quarried,  by  Mr.  Meyer  for  cellar 
walls.  This  stone  has  a  pleasing  color  for  building  and  monumen- 
tal work,  and  a  good  degree  of  strength  and  durability.  It  is 
readily  quarried  in  any  dimensions  that  are  ordinarily  called  for, 
and  is  easily  cut  or  hammered.  The  ledge  is  valuable  for  quarry- 
ing, and  a  large  excavation  may  be  made  without  trouble  from 
water,  as  the  surrounding  land  is  the  porous  sand  and  gravel  of  the 
modified  drift;  which  also  affords  a  nearly  level  and  dry  road  for 
hauling  the  stone  away. 

About  three  miles  southeast  from  Rich  Prairie,  exposures  of  the 
bed  rock,  probably  granite,  are  reported  to  cover  three  or  four 
acres,  on  land  of  Matthias  Neuman,  in  the  S.  i  of  the  N.  E.  i  of 
section  22.    It  has  been  slightly  quarried. 
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One  mile  east  of  Rich  Prairie  or  Pierz,  the  east  bank  of  Skunk 
river  between  forty  and  eighty  rods  north  of  the  mouth  of  Hillman 
brook,  has  frequent  outcrops  of  gneiss,  rising  one  to  three  feet 
above  the  general  surface  and  ten  to  twenty  feet  above  the  stream, 
next  to  wliich  they  occupy  a  belt  about  six  rods  wide.  This  gneiss 
contains  black  mica  and  flesh  colored  feldspar,  the  latter  being 
sometimes  gathered  in  layers  or  veins  one  to  three  inches  wide. 
All  these  outcrops  are  more  or  less  laminated,  this  structure  being 
nearly  vertical.  They  are  all  somewhat  contorted  and  jointed. 
The  strike  is  N.  E.  or  N.  SO'*  E.,  bearing  in  the  direction  of 
^^Granite  City,^'  four  miles  distant,  where  similar  gneiss  has  exten- 
sive exposures. 

Along  Hillman  brook.  In  ascending  this  brook,  my  first  ob- 
servation of  rock  in  place  was  at  its  lowest  ''roll  dam,^'  situated 
about  three  and  a  half  miles  above  its  mouth,  in  the  north  part  of 
theN.  W.i  of  section  18,  T.  40,  R.  29.  This  outcrop  is  at  the 
north  end  of  the  dam,  and  occupies  an  area  about  tour  rods  long 
from  north  to  south,  by  twenty  to  forty  feet  wide.  Its  southeast- 
ern two-thirds  are  gneiss,  nearly  like  that  last  descril)ed,  rather  ob- 
scurely and  contortedly  foliated  but  indicating  a  N.  E.  to  S.  W. 
strike.  This  gneiss  has  much  black  mica  and  flesh-colored  feldspar, 
and  it  is  traversed  by  veins  of  this  fel Jspar  from  an  eighth  of  an 
inch  to  six  inches  wide.  One  of  these  veins,  varying  from  three 
to  six  inches  in  width,  nearly  vertical,  is  visible  for  an  extent  of 
twenty  feet  in  a  straight  east-to-west  course.  The  joints  of  the 
gneiss  are  from  two  to  ten  feet  apart. 

The  northwestern  third  of  this  ledge,  extending  within  sight 
twenty  feet  from  north  to  south  and  ten  feet  wide,  is  a  fine-grained 
granitC)  containing  much  feldspar,  which  is  pirtly  gray  and  partly 
flesh-colored.  This  portion  of  the  ledge  is  probably  part  of  a  dike 
or  mass  of  erupted  rock;  it  is  rhomboidally  divided  by  intersecting 
systems  of  joints,  which  are  from  two  to  twelve  inches  apart. 

Ledges  occur  frequently  in  the  vicinity  of  the  second  and  third 
"roll  dams,"  situated  respectively  about  forty  rods  below  and  twenty 
rods  above  the  mouth  of  the  Little  Hillman  brook,  tributary  to  the 
main  stream  from  the  south.  About  a  mile  above  the  mouth  of 
the  Little  Hillman  brook  and  a  short  distance,  perhaps  a  quarter  of 
a  mile,  above  its  dam,  this  stream  is  reported  to  flow  some  twenty 
rods  in  a  gorge  with  walls  of  rock  at  each  side,  five  to  twenty  feet 
high.  Also,  frequent  outcrops  of  rock  are  found  between  these 
streams  from  their  junction  east  and  northeast  to  the  "big  dam^  of 
Hillman  brook. 
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This  ''big  dam"  is  on  the  S.  E.  i  of  section  35,  T.  41,  R.  29, 
about  sixty  rods  west  of  its  east  line,  and  twenty  rods  soath  of  its 
north  line.  Rock-outcrops  of  considerable  extent  occur  at  several 
places  upon  each  side  of  the  Hillman  brook  for  a  fourth  or  a  third 
of  a  mile  below  and  along  an  equal  distance  above  the  ""big  dam/' 
These  are  gneiss  and  granite  with  the  same  characters  as  at 
^'Granite  City"  and  in  the  vicinity  of  Rich  Prairie.  Farther  east 
the  region  drained  by  this  brook  and  its  tributaries  has  no  known 
exposures  of  r  ock. 

At  the  south  end  of  this  dam,  about  400  feet  south  of  the  sluice- 
ways, the  gneiss  is  typical,  including  much  black  mica.  Its  coarse 
foliation  is  nearly  vertical,  with  strike  varying  from  N.  25^E. 
to  N.  40^  E.  At  the  north  end  of  the  dam,  100  feet  north 
of  its  sluices,  the  rock  is  a  fine-grained  gray  granite, 
with  black  mica,  nearly  like  that  on  land  of  M^yer  and  Ranch, 
south  of  Fish  lake  and  a  few  miles  southwest  of  Rich  Prairie.  This 
granite  is  here  exposed  upon  an  area  which  extends  at  least  twenty 
rods  east  and  ten  rods  west  from  the  dam,  and  is  from  three  to  six 
rods  wide.  Mostly  it  is  divided  into  rhomboidal  masses  from  a  few 
inches  to  four  or  five  feet  in  dimension  by  joints,  and  no  portion 
seen  was  sufBciently  free  from  joints  to  yield  large  quarried  blocks  ; 
yet  it  is  quite  likely  that  good  quarry-stone  would  be  obtained  by 
excavating  a  few  feet  in  depth.  The  texture  and  rift  are  nearly  the 
same  as  south  of  Fish  lake,  to  which  this  formation  is  probably  con- 
tinuous ;  the  rock  is  equally  compact  and  uniform  in  quality  ;  and 
the  color,  though  on  the  surface  here  weathered  to  a  dull  brownish 
tint,  would  probably  be  the  same  handsome  gray  as  at  Fish  lake  in 
deep  quarrying. 

''  Granite  City:'  In  the  west  part  of  section  21,  T.  41,  R.  29,  on 
the  northwest  side  of  Skunk  river,  is  the  site  where  a  steam  saw-mill 
and  a  considerable  town  existed  during  several  years  next  preced* 
ing  the  Indian  outbreak  of  1862.  Its  buildings  remained  empty 
from  that  time  and  were  gradually  removed  or  burned,  the  last 
continuing  till  1873.  The  nearest  farming  immigrants  are  found 
about  a  half  mile  down  the  river,  and  from  them  northeastward  the 
region  drained  by  the  upper  part  of  the  Skunk  river  and  extending 
thence  to  Mille  Lacs  is  an  unbroken  forest. 

The  rock  outcropping  at  "Granite  City,"  from  which  the  name 
arose,  is  coarse,  gray  gneiss,  containing  much  black  mica.  Its 
strike  is  from  northeast  to  south ivest,  pjid  its  dip  is  vertical,  or 
within  a  few  degrees  of  it,  being  in  some  places  85^  or  80^  to  the 
northwest,  and  elsewhere  the  same  to  the  southeast.     This  rock 
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forms  numerous  bare  hillocks  and  ridges,  t^n  to  thirty  feet  above 
the  Skunk  river,  for  a  fourth  of  a  mile  along  its  northwest  side, 
and  occurring  in  less  amount  on  its  southeast  side.  It  is  also  seen 
on  the  southeast  side  in  an  exposure  of  a  few  acres,  rising  ten  to 
twenty  feet  above  the  river  at  a  fourth  of  a  mile  farther  east.  All 
these  outcrops,  so  far  as  seen,  are  gneiss,  everywhere  more  or  less 
contorted,  often  quite  twisted  and  bent  in  lamination  for  short 
spaces,  but  having  throughout  a  prevailing  N.  E.  to  S.  W.  strike 
and  nearly  vertical  dip.  The  Skunk  river  is  here  ten  to  twenty 
feet  wide,  and  flows  in  a  meandering  course  among  these  ledges. 

About  six  miles  above  "Granite  City,"  on  the  northwest  side  of 
Skunk  river,  a  little  beyond  where  this  stream  is  crossed  by  the 
road  used  for  carrying  the  supplies  distributed  yearly  to  the 
Mille  Lacs  Indians,  rock  exposures  are  reported  to  cover  as  large 
an  area  as  at  "Granite  City,"  but  to  have  less  bight  above  the  adjoin- 
ing surface  of  the  drift.  This  is  in  or  near  the  northwest  corner 
of  T.  41,  R.  28. 

Near  the  Platte  river.  Numerous  outcrops  of  rocks  occur  with- 
in one  to  two  miles  west  of  the  Platte  river  through  the  six  miles 
hext  north  of  Gravelville,  which  is  an  enterprising  new  village, 
with  mills,  situated  on  this  river  in  the  N.  E.  i  of  the  N.  E.  i  of 
section  35,  T.  41,  R.  3L  The  first  of  these  ledges  are  one  to  two 
miles  north  of  Gravelville,  in  the  N.  E.  i  of  section  26,  the  east 
edge  of  section  23,  and  the  west  part  of  section  i4,  T.  41,  R.  31. 
The  longest  extent  of  this  tract  is  from  northeast  to  southwest, 
reaching  a  mile  and  probably  including  sixty  to  eighty  acres  of 
rock.  In  the  N.  E.  i  of  section  26  it  is  granite,  sometimes  pink 
and  sometimes  gray,  rising  eight  or  ten  feet  above  the  general  sur- 
face, which  is  nearly  level.  In  the  W.  i  of  the  N.  W.  i  of  section 
24,  these  ledges  rise  ten  to  twenty  feet  above  the  adjoining  swamps. 
The  rock  here  is  a  dark  gray  gneiss,  mostly  obscure  in  its  lamina- 
tion. The  strike,  at  least  in  part,  is  S.  70^  W.,  but  generally,  be- 
cause of  the  contorted  and  indistinct  lamiration,  it  is  not  clearly 
exhibited. 

In  the  north  part  of  section  18,  on  land  of  John  F.  Whitney, 
and  in  the  adjoining  south  parfc  of  section  7,  T.  4L,  R.  30,  one  and 
a  half  miles  northeast  from  the  last  locality,  are  extensive  expo- 
sures of  the  same  dark  gray  gneiss  last  described.  It  con- 
tains considerable  black  mica.  It  is  for  the  main  part  obscurely 
laminated,  and,  though  nowhere  a  true  grauite,  it  is  rarely  so  defi- 
nite in  its  foliation  as  to  show  strike  and  dip.     In  some  portions 
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the  strike  is  seen  to  be  from  north  to  south  ;  and  the  dip  appears 
to  be  neariy  vertical.  Beginning  near  Mr.  Whitney^s  house  close 
to  the  center  of  section  18,  frequent  outcrops  of  this  rock,  rising 
one  to  five  feet  above  the  general  surface,  continue  north  to  the 
liorth  side  of  this  section  and  into  section  7.  This  section  line 
crosses  the  most  extensive  of  these  tracts  of  rock,  which  covers 
some  thirty  acres,  and  here  rises  23  or  30  feet  abofe  the  adjoining 
swampy  tracts.  This  gneiss  has  a  nearly  uniform  character  through- 
out the  half  mile  here  seen.  Another  outcrop  of  rock,  probably 
the  same,  is  reported  one  and  a  half  miles  farther  north,  near  the 
center  of  section  6,  covering  about  ten  acres,  and  rising  five  to  ten 
feet  above  the  general  surface.  Three  miles  west  from  this  a  small 
ledge,  covering  five  or  six  rods  square,  and  one  to  three  feet  hi&:h, 
was  found  by  surveyors  near  the  middle  of  the  north  side  of  section 
3,  T.  41,  R.  31,  five  miles  east-northeast  from  Belle  Prairie.  Other 
ledges,  which  have  not  yet  been  observed,  will  probably  be  found 
in  this  district  when  its  woods  are  cleared  away.  Thence  north- 
ward to  Brainerd  and  norfcheast  to  Mille  Lacs,  and  beyond,  no  ex- 
posures of  the  bed-rock  are  known. 

Slates,  ataurolite-bearing  mica  schist^  and  dioryte.  The  rocks 
which  remain  to  be  described  in  Morrison  county,  found  along  the 
Mississippi  river  and  west  of  it,  belong,  as  already  stated,  to  a 
group  lithologically  different  from  the  foregoing,  and  probably 
newer  in  age.  The  first  exposure  is  on  the  Little  Elk  river  near 
its  mouth,  about  two  and  a  half  miles  north  of  Little  Falls.  The 
most  extensive  outcrop  here,  about' six  rods  square  and  ten  feet  in 
bight,  is  on  the  northeast  side  of  the  Little  Elk  river,  opposite  to 
Henry  S.  HilPs  mill,  about  thirty  rods  above  the  mouth  of  this 
stream.  This  rock  is  dark,  nearly  black  slate  (argillyte),  like  that 
of  Little  Falls.  It  continues  upon  this  northeast  shore  about  ten 
rods  down  stream,  southeastward,  and  for  a  few  rods  northwest 
above  the  dam;  and  is  also  visible  in  low  exposures  at  the  bridge, 
twenty  rods  above  the  mill.  Opposite'  to  the  mill  the  course  of 
the  cleavage  is  N.  40^  E.  (referred,  as  are  all  the  bearings  stated  in 
this  paper,  to  the  true  meridian),  and  its  dip  is  nearly  vertical, 
varying  to  80^  S.  E.  This  slate  contains  occasional  veins  of  white 
quartz,  from  a  quarter  of  an  inch  to  two  or  three  inches  in  width 
and  one  to  twenty  feet  or  more  in  length.  These  coincide  closely 
with  the  cleavage  in  their  strike  and  verticality.  These  slates 
throughout  are  rather  soft  and  easily  broken;  and  they  are  much 
divided,  usually  into  rhomboidal  masses  from  two  or  three  inches 
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to  one  foot  in  dimension,  by  joints.  In  one  system  of  these  joints, 
dipping  about  60""  S.  E.,  they  are  mostly  six  to  twelve  inches  apart 
in  parallel  planes.  Other  joints,  dipping  20^  to  45^.  to  the  north- 
northwest  and  from  that  to  north,  and  a  system  dipping  15^  W.,  are 
about  half  as  numerous  as  those  first  mentioned.  Another  system 
of  joints,  cutting  these,  is  vertical,  or  between  vertical  and  dips  of 
60^  to  each  side,  with  their  strike  between  west-northwest  and 
north-northwest.  No  macroscopic  staurolite,  garnet,  nor  pyrite 
crystals  were  noticed  here,  bat  distinct  laminaB,  made  by  aggrega- 
tion of  minute  crystals  of  staurolite  or  mica,  not  fissile  and  extend- 
ing transversely  across  the  cleavage,  are  found  in  much  of  this 
rock,  nearly  as  at  Little  Falls.  These  probably  mark  the  original 
lines  of  stratification,  but  unfortunately  their  dip  and  strike  here 
were  not  noted.  The  Mississippi  river  between  this  locality  and 
Little  Falls  has  numerous  alluvial  islands. 

At  the  ferry,  a  half-mile  above  Little  Falls,  this  slate  has  low 
outcrops  two  to  six  or  rarely  eight  feet  above  the  riven  On  the 
west  side  these  are  seen  at  several  places  for  twenty  rods  below  the 
ferry.  On  the  east  side  they  are  best  exhibited  at  the  ferry -landing 
and  for  eight  or  ten  rods  farther  north.  The  cleavage  here  bears 
N.  35^  to  40"^  E.,  and  is  nearly  vertical.  Some  four  rods  north  of 
the  landing  a  very  compact  layer  occurs,  ten  feet  thick,  showing 
scarcely  any  slaty  cleavage.  About  two  rods  farther  north  a  quartz 
vein  a  foot  wide  was  noted,  conformable  with  the  cleavage. 

At  the  rapids,  or  Little  Falls  of  the  Hississippi,  beside  the  town 
of  this  name,  this  dark  slate,  varying  from  mica  schist  to  argillyte, 
has  extensive  outcrops  in  each  shore,  and  forms  the  north  end  of 
Mill  island,  on  the  west  side  of  which  it  makes  a  perpendicular 
cliff  twenty  feet  high.  The  principal  rapid  extends  a  fifth  of 
a  mile  from  about  600  feet  above  this  island  to  500  feet  below  ita 
north  end,  the  descent  being  five  feet.  Here  the  slate  has  mainly 
a  firm  and  strong  texture,  having  been  only  slightly  decomposed 
or  softened  by  weathering;  but  it  is  too  variable  in  its  cleavage,  and 
is  too  frequently  contorted  and  intersected  by  veins  and  joints^ 
to  promise  well  for  quarrying  for  roofing-slate.  It  has  been  slightly 
quarried  on  the  east  shore,  nearly  opposite  to  the  north  end  of  Mill 
island,  for  use  in  foundations,  but  no  massive  blocks  nor  any 
of  regular  form  are  obtainable.  Its  cleavage  is  usually  quite  per- 
fect, into  sheets  a  fourth  or  an  eighth  of  an  inch  in  thickness;  it  ia 
nearly  vertical,  not  varying  from  this  more  than  five  degreea 
to  either  side,  so  far  as  seen  in  my  examination;  and  its  strike 
is  N.  25  ^  to  35  "^  E.     A  lamination  transverse  to  the    cleavage^ 
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aad  supposed  to  indicate  the  original  planes  of  sedimentation,  bat 
not  showing  any  ten l-^ncy  to  splib,  wii  found  wali  ethibibed  in  a 
section  twenty  feec  long  and  five  feet  high,  at  the  ou.m  >st  p.iint  be- 
side the  river  on  the  east  shore.  The  laminse  or  layera  referred  to 
are  from  a  twentieth  to  an  eighth  of  an  inch  thick,  and  ditFer  from 
the  remainder  of  the  macroscopically  homogeneous  slate  in  contain- 
ing many  minute  crystals  of  staurolite  and  perhaps  mica.  Tuese 
layers,  which  are  very  distinct,  show  many  small  undulations;  but^ 
in  respect  to  their  entire  extent,  run  nearly  in  a  straight  line.  Their 
dip  is  about  15  ^  N. VV.  White  quartz  veins  occur  somewhat  fre- 
quently in  this  slate,  varying  from  au  eighth  of  an  inch  to  three 
inches  in  width,  and  extending  from  ten  to  fifty  or  seventy- 
five  feet.  Their  strike  and  dip  are  conformable  with  the  slaty 
cleavage.  The  thickest  of  these  veins,  situated  in  the  channel  of 
the  river,  is  said  to.  be  one  foot  wide.  In  the  east  part  of 
Little  Falls  this  slate  is  encountered  at  the  depth  of  about  ten  feet 
in  digging  wells;  but  it  is  not  found  thus  in  the  west  part,  between 
this  and  its  exposure  at  the  river. 

In  some  small  portions  of  these  outcrops  the  slaty  cleavage  is 
absent  or  scarcely  noticeable,  and  the  rock,  massive,  compact  and 
hard,  with  sharp  jointage  angles,  is  apparently  a  dark  quartzyte. 
Professor  Wiuchell  adds*:  ^*Bindes  these  variations  there  are 
nearly  continuous  layers  of  mire  or  less  lenticular  and  coacretion- 
ary  lumps  or  nodules,  sometimes  six  or  eight  inches  thick,  of  a  rock 
▼ery  firm  and  dark-colored,  but  which  on  weathering  becomes 
superficially  lighter-colored,  and  shows  .needles  and  spangles  of 
dark-green  amphibole.  The  matrix  in  which  these  crystals  lie  is 
not  well  characterized,  but  is  quartzitic  and  perhaps  also  feld- 
Bpathic,  so  that  on  a  fresh  fracture  the  amphibole  crystals  are 
hardly  observable.  They  appear  on  the  weathering  of  the  rock. 
«  ...  A  system  of  joints  gives  the  rock,  viewed  across  the 
river,  the  appearance  of  being  conspicuously  stratified,  with  a  dip  up 
the  river  of  about 45  deg.  from  the  horizon.  The  slatiness,  which  is 
nearly  perpendicular,  is  somewhat  injured,  at  least  superficially,  by 
the  frequency  of  joints,  of  which  there  are  at  least  two  systems  in- 
tersecting each  other  at  a  small  angle,  thus  cutting  the  slates  into 
rhomboidal  masses,  as  they  weather  to  pieces Oppo- 
site the  village  of  Little  Falls  a  trap  dyke  of  basic  doleryte,  appir- 
ently  about  10  feet  wide,  appears  in  the  slate,  going  diagonally 
across  the  slate;  and  on  the  south  side  of  the  dyke,  in  the  lee  of 

^izth  annual  report  of  this  Burve7,  p.  SO. 
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its  protection  against  the  carrent  of  the  river,  as  well  as  against, 
possibly,  the  ICO  of  the  ice*periud,  the  slate  (or  schist)  is  decom* 
posed  to  the  depth  of  four  or  fire  feet  at  least,  making  a  greenish- 
blue  clay,  or  incipient  kaolin." 

At  Carapbeirs  point,  on  the  east  shore  of  the  Mississippi,  about 
a  half  mile  south  of  the  middle  of  Little  Falls  village,  and  about 
a  fifth  of  a  mile  south  irom  the  south  end  of  Mill  island,  rock  is 
exposed  along  a  distance  of  five  or  six  rods,  rising  eight  or  ten  feet 
above  the  river.  In  describing  this  rock  and  ics  probable  origin, 
professor  Winchell  states  that  it  ^'consists,  in  general,  of  a  hard, 
dark-colored  dioryte,  containing  mainly  amphibole  in  coarse  crys- 
tals, and  a  little  feldspar  (labradorite?).  The  outward  characters 
of  this.rock  are  the  same  as  the  concretionary  lumps  that  exist  in 
the  slate  already  described.  It  is  here  simply  in  larger  area  and 
bulk.  It  is  parted  by  joints  that  cause  it  to  tall  to  pieces  in  slabs 
and  cuboidal  masses.  This  may  be  here  in  the  form  of  a  dyke,  but 
its  relation  to  the  slate  cannot  be  seen.  The  point  which  is  form- 
ed by  it  is  considerably  higher  than  the  bottomland  on  either  side, 
but  falls  away  somewhat  on  receding  from  the  river,  the  rock  itself 
becoming  lost  to  view  in  the  swampy  bottoms,  or  involved  with 
the  drift  of  the  river-bluffs.  On  long-wi^atbered  surfaces,  under 
the  action  uf  the  water,  there  is  a  ridged  and  furrowed  form  that 
shows  the  same  direction  and  trend  as  the  slatiness  of  the  slate,  i.e. 
N.  18  deg.  £.  I  magnetic].  The  ridges  are  about  i  inch  apart,  and 
about  i  or  i  inch  high,  separated  by  intervening  furrows.  This 
surface  configuration  is  apparently  due  to  the  alternate  arrange- 
ment of  the  mineral  contents,  and  perhaps  has  its  origin  in  a  met- 
amorphosed condition  of  the  slate  itself,  or  of  the  sedimentary 
rocks  from  which  they  both  may  have  been  derived.  Thus  this 
could  not  be  of  the  nature  of  an  igneous  dyke,  but  a  met-> 
amorphic  variation  due  to  the  complex  nature  of  the  original  sed- 
iments. This  view  is  strengthened  by  the  occurrence  of  a  similar 
dioryte  rock,  in  concretionary  masses,  in  the  slate  itself,  running 
in  mpre  or  less  regular  layers  or  lines.  This  alternation  of  mia- 
eral  contents  does  not  pervade  the  whole  of  the  rock  exposed  oa 
'the  point';  but  it  is  a  conspicuous  feature  in  some  places.  The 
ridges  are  composed  of  the  lighter-colored  minerals,  and  the  fur- 
rows of  the  amphibole.^' 

At  Pike  rapids,  which  are  three  and  a  half  miles  south  of  Little 
Falls  and  about  a  quarter  of  a  mile  south  of  the  mouth  of  Swan 
river,  numerous  low  outcrops  of  schist  occur  in  the  banks  and 
channel  of  the  Mississippi  along  a  distance  of  about  an  eighth  of 
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a  mi]e,  from  the  head  to  the  foot  of  these  rapids,  which  descend 
four  or  five  feet.  The  rock  hero  is  a  mica  schist,  containing  many 
large  crystals  of  staurolite  and  often  small  garnets.  No  veins  or 
masses  of  quartz  were  noticed.  On  the  west  shore,  which  is  only 
six  to  ten  feet  high,  its  exposures  are  numerous,  but  rise  only  one 
to  five  feet  above  the  water.  It  rises  in  the  channel  of  the  river 
above  its  bed  of  boulders  and  sometimes  above  the  water  at  fre- 
quent intervals  across  its  whole  width,  the  most  conspicuous  of 
these  ledges  being  an  island  eight  or  ten  feet  high  near  the  east 
side  of  the  river.  Small  and  low  outcrops  are  also  seen  in  the  east 
snore,  which  is  a  steep  bank  of  glacial  drift,  till  capped  with 
gravel,  about  40  feet  high.  This  rock  has  a  laminated  structure, 
which  corresponds  in  strike  with  the  cleavage  of  the  slate  at  Lit* 
tie  Falls  and  on  the  Little  Elk  river.  Therefore,  it  should  not, 
probably,  be  regarded  as  representative  of  the  original  layers  of 
sediment,  from  which  this  rock  has  been  derived  by  metamor- 
phism.  This  lamination  or  foliation  in  the  outcrops  along  the 
west  shore  of  the  river  at  Pike  rapids  has  a  strike  N.  20^  E.,  with 
a  dip  70^  to  75^  N.  70^  W.* 

At  Gash's  rapids,  about  two  and  a  half  miles  below  Pike  rapids, 
schist  nearly  like  the  foregoing  occurs  in  low  outcrops  in  the  chan- 
nel and  on  the  west  shore,  rising  two  or  three  feet  above  low 
water. 

About  a  quarter  of  a  mile  below  the  last,  and  probably  in 
the  north  edge  of  section  17,  Belle vue,  rock  almost  exactly  the  same 
as  at  Pike  rapids  is  seen  in  the  east  shore  of  the  river  along  a 
distance  of  about  fifteen  rods,  rising  at  the  highest  place,  near  its 
south  end,  fifteen  feet  above  low  water.  Its  lamination  has 
a  strike  N.  26^  lo  30''  E.,  and  dips  about  46^  N.  65^  W.  Some 
twenty-five  or  thirty  rods  iarther  south,  it  again  has  a  small  ex- 
posure in  the  east  bank,  and  forms  an  island  which  rises  about 
eight  feet  above  low  water,  and  extends  eight  or  ten  rods  from 
northeast  to  southwest,  situated  about  a  third  of  the  way  across 
the  river  from  its  east  side. 

Half  a  mile  farther  south,  at  the  middle  of  Muncy^s  rapids,  which 
are  a  quarter  of  a  mile  long,  mica  schist,  filled  with  many  large 

^  The  Aite  of  the  fort  or  stockade  in  which  Lieut.  Z.  M.  Pike  and  his  men 
•pent  the  winter  of  tM>5-0,  from  which  the  rapids  received  tlieir  name,  has  been  found  by 
Mr  Nathan  Richardson,  of  Little  Falls,  at  a  point  on  the  west  side  of  the  Mississippi 
about  fifty  rods  below  these  rapids,  on  nearly  level  land  som»-  fifteen  feet  above  the  river, 
and  not  over  sixty  feet  Arom  its  shore  at  low  water.  This  stockade  was  about  thirty-eiKbt 
feet  square .  At  its  northwest  corner  is  a  large  pile  of  stones,  doubtless  used  for  a  fireplace . 
The  first  settlers,  twenty-five  years  ago,  saw  two  of  the  bottom  logs  still  remaining. 
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staurolite  crystals,  and  sometimes  also  includias^  small  garnets,  as  at 
Pike  rapids,  extends  about  twenty-five  rods  along  the  east  shore  of 
the  Mississippi,  rising  some  eight  feet  above  low  water.  This  is  on 
land  of  Isaac  P.  Lambert,  in  the  north  part  of  the  S.W.  i  of  sec- 
tion 17.  Bellevue.  Its  strike,  nearly  the  same  as  at  the  last  place, 
is  N.  25«  to  30  ^  E.,  and  its  dip  is  about  60^  N.  65^  W.  It  has 
ben  slightly  quarried  for  cellar  walls,  etc.,  aud  lies  in  layers  from 
three  inches  to  one  foot  thick.  This  rock  also  juts  up  at  many 
places  in  the  adjoining  channel  of  the  river  along  a  distance  of 
fifty  rods  or  more,  rising  two  or  three  feet  above  low  water. 

About  a  half  mile  below  the  last,  the  same  staurolitic  mica  schist 
outcrops  at  the  west  side  of  the  river,  having  an  extent  of  only 
a  few  rods,  but  rising  steeply  to  a  hight  of  fifteen  feet  or  more 
above  the  river.  This  is  on  the  land  of  Charles  Giilpatrick,  in  the 
N.  E.  i  of  the  N.  W.  i  of  section  32,  Swan  River.  Its  strike 
is  N.  20^  K,  and  its  dip  is  about  70®  N.  70^  W.  It  contains 
occasional  masses  or  bunches  of  white  quartz  ;  one  noted  being 
a  foot  in  length.  This  is  the  most  southerly  exposure  of  the 
staurolitic  schist,  which  thus  has  frequent  outcrops  for  four 
miles  along  the  Mississippi,  at  Pike  rapids  and  southward.  Itslith* 
ological  characters  are  nearly  uniform  throughout  this  extent; 
and  its  lamination  has  a  nearly  constant  strike  and  dip.  Proceed- 
ing northward,  we  find  this  strike  and  dip  continued  in  the  cleav- 
age of  the  slate  at  Little  Falls  and  on  the  Little  Elk  river,  but  with 
a  slight  deviation  of  the  strike  to  a  more  northeasterly  course.  Be- 
yond these  outcrops  northeastward,  the  nearest  exposure  of  similar 
rocks  is  the  district  of  slate  ledges  at  the  Northern  Pacific  Junc- 
tion and  on  the  St.  Louis  river,  a  hundred  miles  to  the  eaist-north- 
ea^t.    There  the  cleavage  strikes  nearly  due  east. 

The  only  remaining  outcrops  of  these  crystalline  rocks  beside  the 
Mississippi  in  Morrison  county  are  about  a  half  mile  south  from 
the  last,  being  at  Blanchard's  rapids,  best  exposed  upon  the  west 
side  of  the  river,  on  land  of  Allen  Blanchard,  in  the  S.  E.  iof  sec- 
tion 32,  Swan  River.  Here  ledges  are  seen  at  numerous  places  upon 
an  area  of  twenty  or  twenty-five  acres,  but  nowhere  rising  more 
than  two  to  four  feet  above  the  general  surface.  The  largest  ex- 
posure beside  the  river  is  fully  a  hundred  feet  long  aud  averages 
forty  feet  in  width.  This  is  uniformly  a  very  hard,  compact,  dark 
dioryte.  It  has  no  staurolite  crystals.  It  shows  no  lamination, 
but  is  very  much  divided  by  joints,  which  are  from  one  or  two 
inches  to  a  foot  apart  and  nearly  vertical.  Their  two  principal 
sets  bear  N.  75*^  W.  and  due  N.    Lumps  of  white  quartz,  up  to  six 
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inches  in  diameter,  occur  in  this  rock;  and  a  vein  of  it  a  foot  wide 
was  reported,  but  at  the  time  of  my  observation  was  covered  by 
high  water.  This  rock  reaches  in  occasional  outcrops  one  or  two 
feet  above  low  water  some  three-fourths  of  the  way  across  the 
river,  which  is  here  an  eighth  of  a  mile  wide;  but  it  has  no  ex- 
posures on  the  east  shore.  About  ten  rods  west  from  the  large 
outcrop  beside  the  river,  nearly  the  same  rock,  but  much  less  divided 
by  joints  and  somewhat  finer-grained,  is  exposed  upon  a  space 
about  a  hundred  feet  square,  from  which  the  covering  of  drift,  with 
a  thick  growth  of  timber,  was  swept  away  about  ten  years  ago  by 
the  sudden  flood  from  a  broken  ice-gorge. 

A  stratum  of  rock,  apparently  belonging  in  the  same  group  with 
the  preceding,  was  encountered  by  the  well  of  Mr.  Gaivin  A.  Tuttle^ 
two  and  a  half  miles  south  from  the  last  and  close  north  of  the 
mouth  of  the  '*main  Two  rivers."  This  well  is  about  23  feet  above 
the  Mississippi,  which  flows  close  at  the  east.  Its  depth  of  50  feet 
was  as  follows:  soil,  H  feet;  gravel,  with  pebbles  up  to  six  inches 
in  diameter,  4  feet;  "white  stony  clay,"  probably  a  marly  till,  4^ 
feet;  bluish  till,  7  feet;  apparently  decomposed  rock,  of  various 
colors  and  in  irregular  masses,  with  considerable  kaolin  in  oblique 
layers,  up  to  about  six  inches  in  thickness,  8  feet;  and  thence  to 
the  bottom,  apparently  a  decomposed  hydromica  schisf,  dug  into 
25  feet  and  bored  into  4  feet  deepar.  At  the  time  of  excavation, 
which  was  done  with  pick  and  shovel,  this  rock  was  thrown  out  in 
pieces  up  to  ten  pounds  in  weight;  but  all  these,  within  a  few 
weeks,  by  exposure  to  air  and  rain,  were  crumbled  to  a  powder.  It 
had  no  staurolite  crystals,  but  occasional  quartz  lumps,  from  three 
to  ten  pounds  in  weight,  and  oue  of  fifty  pounds,  were  found  in  it. 

On  the  Stv%n  river.  Swan  river,  in  the  southwest  corner  of 
section  1,  of  S^<in  River  township,  about  one  and  a  half  miles 
above  its  mouth,  as  reported  by  Mr.  Samuel  Lee,  has  a  fall  of  nine 
feet  in  six  rods,  over  a  bed  of  rock  closely  like  that  of  Pike  rapids, 
one  and  a  half  miles  east.  Ue  thinks  this  has  no  exposure  in  the 
banks,  uf  which  that  on  the  nortneast  is  low,  while  that  on  the 
southwest  is  about  40  feet  high,  being  composed  of  gravel  and 
sand. 

At  the  Ledoux  bridge  on  Swan  river,  in  the  S.  E.  i  of  the  S.  E, 
i  of  section  4,  Swan  River  township,  a  dark,  compact  rock,  in 
part  slaty  and  in  part  resembling  quartzyte,  is  exposed  in 
the  bed  of  the  stream  and  forms  the  foundation  of  the  bridge 
abutments.  Specimens  were  obtained;  hut  observations  of  joint- 
ing, cleavage,  or  lamination,  were  prevented  by  the  high  stage  of 
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the  water.  Several  exposures  of  this  rock  are  reported  in  the 
channel  of  the  river  within  a  quarter  of  a  mile  above  and  below 
this  bridge. 

West  of  Little  Falls.  In  the  S.  E,  i  of  the  N.  B.  i  of  section 
13,  T.  129,  R.  30,  about  one  and  one  half  miles  northwest  of  Little 
Falls,  numerous  outcrops  of  rock,  rising  one  to  five  feet  above  the 
general  surface,  occur  upon  an  area  some  thirty  rods  long  from 
north-northwest  to.  south-southeast,  and  ten  to  twenty  rods 
wide.  This  rock  is  all  massively  crystalline,  with  no  appar- 
ent lamination  or  cleavage.  It  is  all  quite  dark,  probably  includ-^ 
ing  much  hornblende.  In  part  it  is  fine-grained;  but  mostly  ii 
is  about  medium-grained,  and  in  part  is  quite  coarse.  The  last  of 
these  varieties  is  sometimes  decayed  and  friable,  but  mainly  this 
rock  is  very  compact  and  hard,  not  readily  splitting  in  any  partic- 
ular direction.  No  staurolite,  garnet,  nor  pyrite  crystals  were  ob- 
served. Nearly  all  the  varieties  of  this  rock,  when  long  exposed 
to  the  weather,  tend  to  exhibit  crystals  of  a  greenish  mineral,  a 
sixteenth  to  a  fourth  of  an  inch  long;  and  by  further  weathering 
these  are  dissolved,  leaving  small  cavities.  Mica  is  rarely  present; 
it  was  noted  only  in  narrow  veins,  a  half  to  one  inch  wide  and  of 
small  extent.  These  ledges  are  on  the  east  border  of  an  area  of 
till,  which  thence  extends  indefinitely  westward.  They  are  ten  to 
fifteen  feet  above  a  grass-marsh,  a  half  mile  wide,  which  lies  on  the 
east  and  southeast,  but  are  scarcely  higher  th  in  the  plain  of  mod- 
ified drift  which  occupies  the  Mississippi  valley  erstward. 

Near  the  fork  of  Little  Elk  river.  The  only  other  outcrops  of 
the  cr3'stalline  rocks  known  in  Morrison  county  are  in  the  N.  E.  i 
of  section  7,  T.  130,  R.  30,  being  between  the  north  and  south 
forks  of  the  Little  Elk  river,  about  a  quarter  of  a  mile  northwest 
of  their  junction.  One  of  these  ledges  is  crossed  by  the  road  some 
thirty  rods  west  from  the  ford  of  the  north  fork.  Thence  the  rock 
reaches  about  fifteen  rods  south,  with  a  width  of  one  to  two  rods; 
but  northward  its  exposures  extend  fully  an  eighth  of  a  mile,  oc- 
curring frequently  upon  a  width  of  five  to  ten  rods.  It  is  said  to 
have  no  outcrops  upon  any  of  the  streams  of  this  vicinity.  As  this 
whole  region  is  woods,  other  outcrops  may  have  escaped  notice. 
The  rock  here  rises  in  ragged  knolls* and  small  north-to-south 
ridges,  three  to  eight  feet  above  the  general  surface,  which  is  10  to 
25  feet  above  the  north  fork.  It  is  nowhere  massively  crystalline, 
like  the  dioryte  at  ^Uhe  point'*  near  Little  Falls;  but  is  a  dark 
schist,  having  always  a  more  or  less  distinct  lamination,  often  ir- 
regular and  contorted.    Its  strike  is  uniformly  from  northeast  to 
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SOU thi^est,  or  within  five  degrees  of  this  ;  aad  its  dip  varies  from 
vertical  to  75^  N.  W.  It  has  no  slaty  cleavage,  and  is  all  very 
compact  and  hard,  with  few  joints.  In  color  and  texture  it  is 
nearly  like  some  portions  of  the  Little  Fails  ledges.  So  far  as  ex> 
amined,  it  has  no  staurolite  nor  garnet  crystals.  In  one  place  a 
specimen  was  obtained,  holding  numerous  large  pyrite  crystals, 
^ut  these  are  not  generally  noticeable.  This  dark  rock  sometimes 
Incomes  by  weathering  spotted  with  brown  particles ;  and  by 
further  weathering  these  are  dissolved,  leaving  a  minutely  pitted 
surface.  Often  the  rock  includes  gray,  apparently  quartzose,  len- 
ticular masses*  a  half  to  one  inch  thick  and  four  to.  twelve  inches 
long,  coinciding  with  the  nearly  vertical  northeast-to-southwest 
lamination.  It  has  been  slightly  quarried  by  Gilbert  T.  Smith  for 
bis  mill,  situated  a  half  mile  to  the  east. 

STRiLBNS  OOUBTTY. 

Ashley.  The  most  northwestern  rock-outcrops  of  this  county 
are  found  in  Ashley  township,  eight  miles  west  of  Sauk  Center. 
They  lie  close  south  and  southwest  of  a  school-house  at  the  south 
side  of  Ashley  creek,  partly  in  the  S..  W.  i  of  the  N.  W.  i  of  sec- 
tion 17,  ownf^d  by  George  H.  Pendergast,  and  more  in  the  S.  E.  i 
of  the  N.  E.  i  of  section  18,  on  land  of  Lucas  Kells.  This  rock 
has  numerous  exposures,  the  largest  being  about  a  hundred  feet 
long,  upon  an  area  which  reaches  thirty  rods  from  east-southeast 
to  west- north  west,  their  bight  being  from  one  to  five  feet  above 
the  general  level.  It  resembles  syenite,  but  contains  much  of  a 
light-green  mineral  (  probably  epidote ),  like  that  mentioned  in  the 
ledges  thirty  and  thirty-five  miles  farther  north,  in  Todd  and  Cass 
counties.  This  takes  the  place  of  hornblende  and  mica,  neither  of 
which  can  be  detected.  Joints  occur  from  one  to  five  or  ten  feet 
apart.  No  schistose  or  laminated  structure  was  observed.  Vein- 
like masses  of  coarsely  crystalline  orthoclase,  enclosing  small 
amounts  of  white  quartz  and  of  the  green  mineral,  occur  in  this 
rock  at  many  places,  often  extending  ten  feet  or  more,  and  vary- 
ing from  one  to  several  feet  in  width.  These  ledges  may  be  quar- 
ried for  coarse  masonry.  Their  surface  is  smoothed  by  glacial 
erosion,  but  retains  no  striae. 

Sauk  Center.  Exposures  of  rock  are  found  at  the  southwest  side 
of  the  railroad  from  an  eighth  to  a  fourth  of  a  mile  southeast  from 
Sp^uk  Center  depot.  They  are  partly  upon  the  land  of  the  railroad, 
but  mostly  for  their  western  portion  upon  land  owned  by  Tobias 
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Gari.  The  largest  outcrop  is  about  fifty  rods  from  the  depot,  and  a 
hundred  feet  southwest  of  the  railroad,  covering  an  area  about  six 
rods  long  from  northwest  to  southeast  by  two  to  three  rods  wide, 
and  rising  only  one  to  two  and  a  half  feet  above  the  general  surface. 
This  ledge  has  several  distinct  varieties  of  rock.  The  greater  part 
is  a  reddish  feldspathic  gneiss,  laminated  from  northeast  to  south* 
west,  or  a  similar  syenite  where  this  lamination  is  absent.  Masses 
a  few  feet  in  extent,  not  definitely  separated  from  the  foregoing, 
are  very  coarsely  crystalline,  fiesh-colored  feldspar  and  quartz  ;  the 
latter  constitutes  about  one-fourth  part;  and  both  occur  in  crystal- 
line masses  one  to  two  inches  long.  Portions  of  this  gneiss  and 
syenite  are  porphyritic  with  feldspar  crystals  up  to  a  half  incn,  or 
rarely  an  inch,  in  diameter. 

The  most  southern  part  of  this  ledge,  extending  thirty  feet  from 
east  to  west,  and  ten  feet  wide,  divided  from  the  last  by  a  width  of 
about  two  rods  which  is  covered  with  drift,  is  a  very  hard  and  com- 
pact, dark,  granular  rock,  perhaps  to  be  called  syenite,  in  which  the 
most  abundant  mineral  is  apparently  hornblende.  A  small  space 
of  this,  about  eight  feet  long  and  four  feet  wide,  shows  a  vertically 
laminated  structure,  curving  from  a  south  to  a  southeast  course.* 

Eight  rods  west  from  the  last  is  another  exposure  of  the 
same  hard,  dark  rock,  about  two  rods  in  extent,  not  rising  above  the 
general  level.  About  filteen  rods  west-northwest  from  the  large 
outcrop  first  described,  another  of  similar  rock  is  found,  being 
mainly  gneiss,  laminated  from  northeast  to  southwest.  This  ledge 
is  about  fifty  feet  long  from  west-northwest  to  east-southeast,  and 
rises  from  one  to  one  and  a  half  feet  above  the  generab  surface. 
Again,  some  twenty -five  rods  southeast  from  the  first  described  ex- 
posure, excavations  at  each  side  of  the  railroad,  fiv^eto  ritteeu  feet 
below  the  track,  show  the  dark,  tough  hornblendic  rock,  like  its  two 
exposures  farther  west,  except  that  here  it  is  more  intersected  by 
joints,  which  are  from  one  to  six  feet  apart.  On  the  southwest  side 
of  the  railroad  this  rock  is  uncovered  for  a  length  of  a  hundred  feet; 
but  on  the  northeast  side  only  two  or  three  small  knobs  are  visible. 
None  of  the  outcrops  are  suitable  for  quarrying. 

Melrose^  The  next  exposure  of  the  bed-rock  is  eight  miles  east- 
southeast  from  the  last,  at  Clark^s  mill,  in  Melrose.  This  milU 
situated  on  the  south  side  of  Sauk  river  about  ten  rods  west  of  the 
bridge,  is  founded  on  a  ledge  of  very  hard,  coarse,  red  syenite, 

*  Glacial  strife,  clearly  seen  on  the  west  part  of  this  southern  outcrop,  bear  8  40? 
B  ,  beingr  at  right  angles  with  the  striss  noted  in  Sauk  Rapids,  about  forty  miles  &rther 
east. 
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which  also  extends  some  twenty-five  feet  from  the  mill,  half-way. 
across  the  waste- way  of  the  dam. 

In  the  west  part  of  Melrose  village,  a  third  or  half  of  a  mile 
west  from  this  mill,  and  on  the  level  plain  of  valley  drift,  rock 
has  been  encountered  in  attempts  to  dig  wells  at  W.  H.  Roth- 
aermel's  house.  Its  depth  below  the  surface  is  about  six  feet,  and 
U  has  an  extent  of  a  hundred  feet  or  more,  A  well  blasted  into 
this  rock  supplied  the  stone  for  the  foundation  of  the  Methodist 
church  near  by.  It  is  a  dark,  unlaminated,  rather  coarsely  crystal- 
line, horublendic  rock,  diflPerent  from  any  other  found  in  this  dis- 
trict. 

Wakefield.  Several  outcrops  of  very  hard,  dark  dioryte,  and  of 
coarse  syenite  occur  within  a  radius  of  a  fourth  of  a  mile  about  the 
corner  of  sections  19,  20,  29  and  80,  Wakefield.  This  is  on  the 
north  side  of  the  Sauk  river,  two  miles  east  ot  Richmond,  and  about 
twenty  miles  southeast  from  Melrose.  One  of  these  knobs  rises 
forty  feet  above  the  general  leveL  The  abutments  of  the  Rich- 
mond bridge  were  quarried  at  this  locality. 

About  one  and  a  half  miles  farther  east,  near  the  center  of  sec- 
tion 21,  a  small  outcrop  of  coarse  syenite  occurs  in  and  close  south 
of  the  road,  its  length  being  four  rods  and  its  hight  three  or  four 
feet.     It  is  intersected  by  joints  at  intervals  of  two  to  six  feet. 

At  Gold  Spring,  one  and  three-fourths  miles  farther  east,  a  fine- 
grained, reddish,  much  jointed  syenite  has  abundant  outcrops,  un- 
derlying the  mill  and  dam,  and  covering  an  area  on  both  sides  of 
the  Sauk  river  equal  to  a  quarter  of  a  mile  square,  with  its  highest 
points  20  to  25  feet  above  the  river.  It  has  been  somewhat  quar- 
ried for  local  use  in  foundations,  walls,  etc. 

BockvUle.  Four  miles  farther  east,  massive  outcrops  of  coarse- 
grained, gray  granite,  containing  black  mica,  which  weathers  to 
yellow,  occur  near  Rock vi He.  The  most  prominent  mass  of  this 
rock  is  at  the  east  side  of  Mill  creek,  a  quarter  of  a  mile  south  of 
Rockville  mill,  forming  a  knob  forty  or  fifty  rods  in  length  and 
breadth  and  fifty  feet  high.  This  rock  is  very  free  from  joints  or 
seams,  being  sometimes  unbroken  for  thirty  or  forty  feet.  Other- 
wise it  appears  to  be  well  adapted  for  quarrying,  to  supply  stone 
for  heavy  masonry,  as  bridge  piers  and  abutments.  Two  other  ex- 
posures of  this  rock  are  found  a  quarter  of  a  mile  northeast  from 
this  mill.  The  most  southerly  of  these,  situated  east  of  the  road, 
covers  some  thirty  rods  square,  and  rises  about  forty  feet  above  the 
river  ;  and  the  second,  less  than  an  eighth  of  a  mile  farther  north, 
crossed  by  the  road,  and  lying  mostly  between  the  road  and  the 
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river,  covers  an  area  30  by  20  rods  in  extent,  and  rises  20  to  30 
feet  above  the  river.  Both  consist  of  massive,  rjauded  ledges, 
with  few  seams  or  joints,  which  are  often  twenty  to  thirty  feet 
apart.* 

Saint  Joseph.  In  the  N.  £.  i  of  section  26  of  this  township, 
nearly  four  miles  northeast  from  Rockville,  massive,  coarse-grained^ 
gray  syenite  or  granite,  closely  like  that  of  Kockville,  is  exposed  oa 
the  land  of  Fred  Schilplin,  aboatan  eighth  of  a  mile  southeast  from 
his  house.  It  forms  a  rounded  outcrop  some  twonty  rods  broud, 
rising  ten  feet  above  the  general  level,  its  hight  above  the  Sauk 
river,  three-fourths  of  a  mile  to  the  northwest,  being  about  35 
feet.  This  ledge  has  few  joints,  one  space  fifty  feet  square  being 
without  a  seam. 

One  and  a  half  miles  west-southwest  from  the  last,  an  exposure 
of  rock  is  reported  in  section  27,  on  land  of  T.  S.  Staples,  at  the 
east  side  of  Sauk  river,  above  which  it  is  said  to  rise  five  to  ten 
feet,  covering  an  acre  or  more. 

Saint  Augusta,  Granite,  containing  flesh-colored  feldspar  and 
black  mica,  is  exposed  near  the  middle  of  section  19,  Saint  Augusta* 
about  a  fourth  of  a  mile  west  of  Luxemburg  post-office  and  St 
Wendefs  church.  This  is  four  miles  east-southeast  from  Rock- 
ville and  eight  miles  south-southwest  from  Saint  Cloud.  It  lies  on 
the  west  side  of  a  slough,  above  which  it  rises  15  to  20  feet,  its  ex- 
tent being  about  twenty  rods.  It  is  divided  by  joints  three  to 
fifteen  feet  apart;  the  course  of  their  principal  system,  nearly  ver- 
tical, is  from  northwest  to  southeast. 

Saint  Cloud.  This  township  has  many  exposures  of  these  rocks, 
principally  syenite. 

In  the  N.  E.  i  of  section  32  a  reddish  gray  syenite  or  granite, 
and  in  the  N.  W.  i  of  section  33  a  very  dark  syenite,  containing  a 
large  proportion  ot  hornblende,  form  quite  extensive-  outcrops,  in 
each  case  covering  an  area  equal  to  a  quarter  of  a  mile  square.  An 
eighth  of  a  mile  west  of  the  road,  these  rounded  hillocks  of  rock 
rise  20  to  25  feet  above  the  general  level ;  and  close  east  of  the 
road  and  for  an  eighth  of  a  mile  or  more  from  it,  their  hight  is 
five  to  ten  feet.  About  forty  rods  farther  north,  the  road  goes  by 
ledges  of  syenite  nearly  like  that  of  the  quarry  at  Sauk  Rapids. 
These  are  probably  in  the  southeast  corner  of  section  "^9  ;  they   lie 

*  These  and  nearly  all  the  ledges  of  eastern  Stearns  county  are  planed  and  worn  to 
a  smooth  surface  by  the  ice-sheet;  but  none  of  them,  so  far  as  seen  in  this  survey,  retain 
glacial  8tri»,  because  of  the  slight  disinteffratioo  wrought  upon  their  surface  by  rains  and 
fk-osts. 
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dose  west  of  the  road,  abore  which  they  rise  15  to  90  feet.  The 
next  two  miled  to  the  north  and  northwest  have  abundant  out* 
crops  of  gray  and  reddish  syenite,  of  which  the  following  is  a  list 
in  part. 

On  land  of  Jacob  Streitz,  in  the  N.  W.  i  of  the  N.  E.  i  of  section 
38,  considerable  qaarrying  has  been  done,  forty  cords  or  more  of  the 
stone  having  been  sold  for  masonry  in  Saint  Paul.  This  is  an 
excellent  gray  syenite,  rising  about  ten  feet  above  the  general  sur- 
face, well  adapted  for  supplying  dimension  stone.  It  is  near  the 
eastern  side  of  this  tracfc  of  abundant  ledges  ;  and  the  hills  one  to 
one  and  a  half  miles  east  and  northeast,  rising  50  to  75  feet  higher 
and  125  to  150  feet  above  the  Mississippi  river,  are  morainic 
drift. 

A  quarter  of  a  mile  west  of  the  last,  on  land  of  Louis  Hohmann, 
in  the  N.  i  ot  the  N.  W.  i  of  section  28,  ledges  of  the  same  rock 
as  the  last  cover  two  or  three  acres,  rising  about  five  feet  above  the 
general  level  of  the  surrounding  modified  drift.  Some  quarrying 
has  also  been  done  here. 

On  land  of  Ferdinand  H^irtmann,  in  the  north  edge  of  the  N.  E. 
i  of  section  29,  he  has  quarried  during  several  years,  in  two  low  out- 
crops of  syenite,  selling  the  stone  for  |S  per  cord  at  Saint  Cloud.  Tne 
southwestern  outcrop,  six  rods  square,  is  a  somewhat  coarse-grained, 
reddish  syenite,  divided  by  joints  from  one  to  eight  feet  apart.  The 
other  ledge,  fifteen  rods  north-northeast  from  the  last,  is  about  ten 
rods  long  from  west  to  east  by  six  rods  wide.  This  is  mainly  red 
syenite  like  the  former,  but  includes  a  large  mass,  occupying  an 
area  about  four  rods  square,  of  finer-grained,  bright  gray  syenite, 
containing  occasional  scales  of  black  mica.  At  its  border  a  gradual 
change  of  color  takes  place  from  the  gray  to  the  red. 

An  area  of  several  acres  of  reddish  syenite,  like  that  of  the  last 
localities,  begins  thirty  or  f^rty  rods  northwesterly  from  the  last, 
and  reaches  a  sixth  of  a  mile  or  more  northward.  This  is  on  land  of 
Matthias  Leim,  in  the  S.  i  of  the  S.  W.  i  of  section  20,  and  of  Nicho- 
las Scheuer  in  the  north  half  of  the  same  quarter-section.  It  rises 
in  rounded  hills  and  knolls  30  to  50  feet  above  the  lowland  east- 
ward. 

About  forty  rods  northwest  from  the  last,  in  the  N.  W.  i  of  the 
S.  W.  i  of  this  section  20,  owned  by  Nicholas  Scheuer,  gray  syen- 
ite, closely  like  that  of  Streitz  and  Hohmann,  and  of  Hartmann^s 
northern  quarry,  forms  a  hill  which  covers  six  or  eight  acres  and 
rises  50  feet  above  the  general  surface.  It  is  smoothly  glaciated, 
but  retains  no  clear  strise.     This  rock  has  few  joints,  sometimes 
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none  for  an  extent  of  thirty  feet.  Here  and  upon  many  of  the 
ledges  of  this  region  a  scale  of  rock  a  fourth  to  a  half  of  an  inch 
thick,  has  become  separated  or  is  easily  separable  from  the  surface 
by  weathering.  In  some  places  this  might  be  attributed  to  forest 
or  prairie  fires,  which  seem  often  to  have  produced  such  scaling; 
but  here  it  is  notably  exhibited  on  bare  ledges  six  rods  or  more  in 
extent. 

Within  a  mile  westerly  are  many  lower  outcrops  of  this  syenite^ 
rising  10  to  20. feet  above  the  average  of  the  vicinity.  Good  loca« 
tions  for  quarrying  are  reported  on  the  land  of  William  B^sinius, 
in  the  S.  E.  i  of  section  19,  and  of  Jacob  Hiltimes  in  the  west  half 
of  this  section. 

The  red  syenite  continues  from  the  ledges  owned  by  Hartmann 
and  Leim  northerly  to  the  land  of  the  Saint  Cloud  Granite  M^nuiac- 
turing  Co.,  L.  A.  Evans,  agent.  This  is  the  N.  W.  i  of  the  S.  W. 
i  of  section  17,  where  excellent  quarrying  stone  is  found.  A  few 
years  ago  a  block  of  this  red  syenite  was  obtained  for  a  monument 
pedestal,  which  had  been  sought  but  could  not  be  supplied  (so  re- 
ported) from  the  famous  quarries  of  similar  stone  at  Aberdeen, 
Scotland.  The  size  of  this  block  was  7  feet  square  by  2^  feet  high, 
its  weight  being  ten  tons.  It  was  cut  and  polished  iu  Saint  Cloudy 
and  was  sold  in  Chicago  for  about  $800.  This  quarry  has  not  been 
worked  for  the  past  two  or  three  years. 

Ex«:ellent  localities  for  quarrying  the  same  red  syenite  also  occur 
within  a  half  mile  west  and  southwest  from  the  last,  in  the  S.  E.  i 
of  section  18,  owned  by  H.  C.  Waite,  and  in  the  N.  W.  i  of  sec- 
tion 19.  Some  of  these  localities  also  yield  gray  syenite,  and  that 
which  is  gray,  tinted  reddish. 

Syenite  outcrops  in  the  N.  W.  i  of  section  17,  at  the  northwest 
side  of  the  road  about  a  half  mile  west  of  John  BeckerV  Its  ex- 
tent is  about  fifteen  by  ten  rods,  and  its  hight  is  some  twenty  feet 
above  the  adjoining  lowland  and  river,  an  eighth  of  a  mile  west, 
and  eight  feet  above  the  road.  This  ledge  exhibits  some  marks  of 
water- wearing.  A  system  of  nearly  vertical  joints  crosses  it  from 
north  to  south,  varying  from  six  inches  to  four  feet  apart;  and 
others,  less  conspicuous  and  less  numerous,  extend  from  east  to 
west. 

The  only  exposure  of  rock  beside  the  Mississippi  river  in  this 
county  below  the  Saint  Cloud  bridge,  is  about  a  half  mile  south  of 
the  state  normal  school,  at  C.  Bridgeman^s  steam  saw-mill  and  for 
twenty  rods  to  the  south.    It  is  coarse  gray  syenite,  with  joints 
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ten  to  twenty  feet  apart,  and  forms  small  ledges  five  to  ten  feet 
above  the  river. 

Fifteen  to  twenty  rods  soath  from  the  west  end  of  the  Sauk 
Rauids  bridge,  is  a  ledge  of  porphyritic,  gray-«yenite,  consisting 
mostly  of  feldspar,  with  about  a  fourth  part  of  quartz,  and  includ* 
ing  some  hornblende  and  rare  grains  of  mica.  It  ris^es  some  five 
feet  above  the  river,  and  is  traversed  by  nearly  vertical  joints  one 
to  eight  ieet  apart.     It  has  been  slightly  quarried. 

Le  Sauk,  In  this  township,  situated  next  north  of  S  lint  Gtoud, 
these  crystalline  rocks  are  exposed  upon  the  lowest  mile  of  Watab 
river,  and  at  several  places  within  three  miles  tjience  north-north- 
west. The  grist-mill  and  its  dam,  owned  by  J.  B.  Sartell  & 
Sons,  on  the  Watab  river,  about  a  third  of  a  mile  above  its 
mouth,  are  founded  on  gray  syenite.  This  is  exposed  to  view  only 
on  the  south  side  of  the  river,  under  the  foundatioa  of  the  north  side 
of  the  mill,  rising  a  few  feet  above  the  water  of  the  flume  below 
the  dam.  It  wasquatried  for  this  mill,  and  is  a  desirable  building 
stone. 

Mr.  Sartell  owns  another  quarry  a  half  mile  northwest  from  this 
mill,  covering  several  acres  and  rising  twenty  feet  above  the  gen- 
eral level.  It  is  in  or  near  the  S.E.  i  of  section  L7.  This  has  a  more 
reddish  tint.  Quarrying  has  been  done  here  more  or  less  during 
the  past  ten  years,  perhaps  yielding  quarried  stone  to  the  value  of 
$10*^0  in  all,  only  for  use  in  this  vicinity. 

A  third  of  a  mile  east  of  the  last,  in  the  south  part  of  section  16, 
is  another  outcrop  of  rock,  similar  (o  that  at  the  grist  mill.  This 
covers  about  two  acres.  It  has  a  low  smoothed  surface,  not  much 
above  thf^  general  level. 

Another  ledge  of  similar  syenite  or  granite  is  seen  at  the  west 
side  of  the  road,  east  of  the  north  part  of  Clark  lake,  in  the  south 
half  of  section  8.  This  also  covers  two  acres  or  more,  its  hight 
being  about  ten  feet. 

On  or  near  the  east  line  of  section  9,  a  rock-outcrop,  said  to  be 
coarse-grained  and  of  iron-rusty  color,  covers  several  acres  and  rises 
seme  fifty  feet  above  the  Mississippi  river,  which  is  ten  or  twenty 
rods  farther  east. 

Reddish  fine-grained  syenite  has  been  somewhat  quarried  for 
local  use,  in  or  near  the  N.  E.  i  of  the  N.  E.  i  of  section  7,  on 
land  of  D.  B.  Searle.  Farther  northwest,  near  the  ceuter  of  sec- 
tion 6,  similar  rock  has  outcrops  at  many  places  along  a  distance 
of  about  half  a  mile  from  east  to  west,  not  extending  into  Saint 
Wendel  township. 
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Brockway.  A  medium-grained,  gray  granite  or  syenite,  contain- 
ing  garnets  a  fourth  of  aa  inch  in  diameter,  is  exposed  on  the  N. 
W.  i  of  section  33,  in  the  southeast  part  of  Brockway,  on  land 
of  William  Gordon,  about  a  quarter  of  a  mile  west  from  the  road 
and  from  his  hou»e.  It  shows  only  a  smooth  flat  surface,  ten  by 
fifteen  feet  in  extent,  not  rising  above  the  general  level. 

Rock  is  also  reported  to  occur  in  the  west  shore  of  the  Missis- 
sippi river,  about  fifteen  rods  south  from  the  northeast  corner  of 
thi^  section  33.  The  rock  is  exposed  also  in  the  east  bank  and  in 
the  channel  of  the  river,  but  its  outcrops  rise  only  two  or  three 
feet  above  extreme  low  water.  This  is  about  a  mile  north  of  the 
high  hills  of  rock  at  the  east  side  of  the  river  in  Watab. 

SHERBURNB   COUNTY. 

The  principal  quarries  of  the  district  here  reported  are  near 
Saint  Cloud,  but  are  situated  on  the  opposite  side  of  the  Missis* 
sippi,  in  Sherburne  and  Benton  counties.  In  their  order  from 
south  to  north,  these  quarries  are  in  Haven,  the  northwest  town- 
ship of  Sherburne  county,  and  in  Sauk  Bapids  and  Watab,  the 
townships  which  succeed  next  to  the  north,  lying  in  Benton 
county,  all  bounded  by  the  Mississippi  river  on  the  west. 

Haven.  The  most  southern  rock-oulcrop  is  in  the  S.  i  of  the 
S.  W.  i  of  section  17,  four  miles  southeast  of  Saint  Cloud,  and 
about  two-thirds  of  a  mile  west  of  the  Saint  Paul,  Minneapolis  & 
Manitoba  railway.  It  is  owned  by  Robbers  &  Barthelemy,  and  was 
by  them  leased  in  May,  1881,  for  two  years,  with  privilege  to  ex- 
tend the  lease  three  years  more,  to  the  firm  of  Saulpaugh  &  Co., 
of  Rock  Island,  Illinois,  who  are  contractors  for  building  the 
bridge  for  the  Northern  Pacific  railroad  across  the  Missouri  river 
at  Bismarck.  They  have  also  leased  quarries  in  Watab  for  this 
bridge,  which  in  its  abutments  and  four  piers  requires  7000  cubic 
yards  of  cut  stone.  The  outcrop  has  an  area  of  four  or  five  acres, 
being  about  thirty  rods  across,  and  rises  with  a  rounded,  smooth 
surface  of  bare  rock  ten  to  fifteen  feet  above  the  surrounding  prai- 
rie of  nearly  level  modified  drift.  Hence  it  is  olten  called  the 
"  rocky  island "  or  '*  rocky  point."  About  ten  rods  west  of  the 
main  outcrop  is  another  of  small  extent. 

This  rock  is  a  coarse-grained  syenite,  of  whitish  gray  color,  with 
dark  blotches  of  hornblende.  It  is  evidently  a  stone  of  great 
strength  and  durability.  The  first  quarrying  at  this  point  was  by 
Daniel  Burns,  of  Sauk  Rapids,  in  1879,  supplying  stone,  some  60O 
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cubic  yards,  at  price  of  about  $9,000,  for  the  Mississippi  river 
bridge  of  the  Chicago,  Milwaukee  &  Saint  Paul  railway  on  the 
short  line  between  Saint  Paul  and  Minneapolis.'^ 

Two  miles  north  from  the  foregoing  and  the  same  distance 
southeast  from  Saint  Cloud,  are  the  quarries  of  Breen  &  Young, 
situated  close  west  of  the  railroad,  nearly  on  the  line  between  the 
S.  E.  i  of  section  6,  and  the  N.  E.  i  of  section  7,  Haven.  The 
rock  here  has  frequent  exposures  along  a  distance  of  nearly  a  half 
mile  from  the  quarry,  to  the  southeast  and  northwest,  risking  five  to 
twenty  feet  above  the  adjoining  marshy  lowland.  On  the  south 
and  southwest  side  it  is  covered  by  morainic  drift,  which  forms  a 
ridge  40  to  50  feet  high  and  of  irregular  contour,  reaching  from  the 
railroad  westward  through  section  7.  Most  of  these  ledges  are  a 
gray  syenite  of  fine  grain  and  uniform  texture,  well  suited  for 
building  purposes.  It  is  used  in  the  corners,  steps  and  trimmings 
of  the  United  States  custom  house  and  post  offiae,  in  Saint  Paul. 
Breen  &  Young  employ  about  twenty-five  men  here  in  quarrying. 
The  greater  part  ot  their  stone-cutting,  especially  for  ornamental 
work,  is  done  in  their  shops  at  Saint  Paul.  Their  quarry  of  this 
syenite,  commonly  called  granite,  has  been  wrought  since  1668  ; 
the  extent  of  the  principal  excavation  is  about  250  by  200  feet,  and 
its  depth  is  mostly  from  four  to  six  feet.  About  thirty  rods  west 
of  this  opening  is  an  area  of  reddish  syenite,  which  has  been 
slightly  quarried.  The  same  color  is  also  seen  in  small  outcrops  a 
sixth  of  a  mile  farther  north  beside  the  railroad. 

In  Haven  and  generally  through  Benton  and  Stearns  counties, 
this  belt  of  crystalline  rocks  consists  mainly  of  syenite,  which 
differs  from  true  granite  in  containing  the  mineral  hornblende  in- 
stead of  mica,  both  being  otherwise  alike  composed  of  quartz  and 
feldspar.  The  three  ingredients  of  each  occur  in  crystalline  grains; 
and  no  schistose  or  laminated  structure,  and  consequently  neither 
dip  nor  strike,  are  observable.  The  common  species  of  feldspar 
present  in  these  granites,  syenites,  gneisses  and  schists,  is  ortho- 
clase. 

Note.  These  are  the  only  expoenres  of  rock  id  place  in  Sherburne  county. 
Principally  the  surface  of  this  county  is  the  stratified  sand  and  gravel  of  the 
modified  drift,  bearinsf  a  thin  forest  growth  in -which  black  and  bur  oaKsare 
the  most  abundant  species.  (Comparatively  small  areas  or  belts  ure  composed 
of  till,  or  intermixed  clay.  sand,  gravel  an^  boulders,  unstratified.  The 
boulders  are  mostly  syenites,  granites,  and  crystalline  schists,  with  occasional 
pieces  of  limestone  In  size  they  are  mostly  les^t  than  five  feet  in  diameter,  and 
Douldets  more  than  ten  feet  in  diameter  are  very  rare  in  nearly  all  parts  of 

*  No  boulders  are  seen  on  the  sarface  of  this  ledge ;  and  thoagh  it  is  wholly  moutonned, 
or  smoothly  planed  and  rounded  by  grlacial  erosion,  no  distinct  striss  were  found. 
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Minnesota.  One  of  the  largest  foand  in  this  state  is  the  **big  rock,"  situated 
on  land  of  Peter  E.  Clarity,  in  the  N.  W  J  of  th**  8.  W  J  of  section  7,  Palmer, 
six  miles  east  from  Breen  &  Young's  qaarry.  The  dimension  of  this  mass  is 
about  20  by  35  teet,  and  it-  hight  is  20  or  25  feet  It  probably  also  reaches 
several  feet  below  the  surface,  from  which  it  rises  perpendicularly  on  all  sides. 
This  boulder  is  dark  mica  schist,  varying  to  gneis^s.  coarsely  laminated,  with 
much  black  mica  and  many  minute  garnets,  and  containinie  in  some  portions 
whitish  feldspathic  layers  from  a  quarter  of  an  inch  to  two  or  three  inches  in 
thickness  I-  rom  ii  numerous  fragments,  three  to  ten  or  twel  ve  feet  long.have  been 
riven  off  by  frost,  especially  on  its  northwest  side.  It  lies  on  a  south wes  eriy 
sloping  swell  of  till  which  forms  part  of  a  morainic  belt,  20  to  50  feet  above  the 
general  level,  extending  from  section  9,  Palmer,  west  to  section  7,  Uaven. 


BENTOK  COUNTY.* 

Sauk  Rapids.  This  towQship  has  many  outcrops  of  rock.  The 
quarry  which  has  been  longest  worked  and  yields  the  best  stone, 
a  fine-grained  gray  syenite,  especially  adapted  for  ornamental  use 
and  for  cemetery  monuments,  is  situated  nearly  in  the  i*enter  of 
the  village  of  Sauk  Kapids,  It  was  first  opened  by  Mr.  P.  A. 
Fogg,  in  May,  1867,  and  was  worked  by  him  four  years.  It  is  now 
owned  by  Collins,  Mitchell  &  Searle,  of  Saint  Cloud,  and  within 
the  past  three  years  has  been  leased  and  worked  by  Messrs.  Burns, 
Reeder  and  Robinson,  who  cut  and  polish  the  stone  near  the 
quarry.  The  excavation  is  about  150  by  100  feet  in  extent,  and 
five  to  seven  feet  deep.  The  sales  are  about  $2,000  annually,  and 
have  varied  from  $500  to  $10,000  a  year.  In  Minneapolis  the  tow- 
ers of  the  suspension  bridge  and  the  city  hall  are  trimmed  from 
this  quarry,  the  rest  being  Trenton  limestone.  In  Saint  Paul  the 
wholesale  hardware  store  of  Nicols  &  Dean  is  built  from  this  quar- 
ry, except  the  columns  and  buttresses,  which  are  from  Watab.  In 
Milwaukee  this  quarry  supplied  the  polished  front  of  the  Mitchell 
Bank  building,  some  of  the  slabs  used  being  11  ieet  by  3  by  1  foot 
in  dimension.  The  Iowa  state  capitol  at  Des  Moines,  recently 
built,  took  part  of  its  stone  for  trimmings  from  here,  some  of  the 
pieces  measuring  10  by  2^  by  2  feet.  This  syenite  is  closely  like 
that  of  Breen  &  Young's  quarry  in  Haven. 

A  coarser  syenite  is  exposed  about  a  quarter  of  a  mile  farther 
west,  at  the  east  end  of  the  Sauk  Rapids  bridge  and  dam, which  are 
founded  in  part  upon  this  rock.  Its  outcrop,  coarsely  porphyritici 
a  few  rods  south  of  the  west  end  of  this  bridge,  is  described  on  a 

*  The  drift  In  this  countv  is  Keneratly  tiU,  having  a  moderately  andulatinic  or  roUing 
contour,  with  no  conspicuous  elevations,  but  rising;  in  irentle  swells  4j  to  00  feet  abov«  the 
streams  It  is  mainly  covered  with  heavy  timber,  all  of  deciduous  species,  exoepttngr  in 
the  nf>rth  and  east  portions  of  Alberta,  which  have  a  good  growth  of  white  pine.  Upon 
the  greater  part  of  the  county  the  bed-rocks  are  wholly  covered  by  the  drift. 
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preceding  page,  with  the  other  rock  ezposares  of  Saint  Cloud, 
Stearns  county. 

The  fall  in  the  Mississippi  here  in  about  one  mile,  from  the  mouth 
of  the  Sauk  river  to  Maple  island,  is  22  feet,  from  992  to  970  feet 
above  the  sea.  Its  channel  is  strown  with  boulders,  but  has  no  ex- 
tensive exposures  of  solid  rock. 

About  a  mile  east  from  Sauk  Rapids,  in  the  N.  W.  i  of  section 
24  of  this  township,  an  outcrop  of  reddish,  rather  fine-grained  sy- 
enite occurs  in  a  swampy  depression,  some  twenty-five  rods  south 
of  the  Gilmanton  road.  Its  area  reaches  about  twenty  rods  from 
north  to  south  and  is  about  ten  rods  wide,  with  a  hight  of  two  to 
five  feet.  This  rock  is  traversed  by  joints  from  one  to  ten  or  fifteen 
feet  apart.    Its  surface  is  smoothly  glaciated  but  retains  no  striae. 

An  exposure  of  gray  syenite  occurs  in  the  S.  W.  i  of  section  13 
of  this  township,  on  land  of  Robert  W.  Leyerly.  Its  extent  is 
about  50  by  30  feet,  with  hight  of  three  feet  above  the  adjoining 
marshes.    It  is  crossed  by  joints  two  to  eight  feet  apart. 

In  the  N.  W.  i  of  section  13,  on  land  of  the  E.  D.  Learned  es- 
tate a  coarse-grained  reddish  syenite,  with  large  proportion  of 
feldspar,  covers  an  area  thirty  rods  or  more  in  length  toward  the 
west-northwest,  averaging  eight  rods  in  width.  Its  higher  por- 
tions are  four  to  seven  feet  above  the  marsh  which  mainly  sur- 
rounds it.  This  rock  is  very  massive,  extending  in  some  places 
thirty  to  forty  feet  without  a  joint.  It  is  cut  by  a  trap  dike,  the 
ordinary  dark  and  tough  doleryte,  one  to  one  and  a  half  feet  wide, 
and  reaching  within  view  about  fifty  feet  from  east  to  west. 

Extensive  outcrops,  partly  of  coarse-grained  reddis^h  syenite,  and 
partly  of  finer-grained  gray  syenite,  of  which  the  latter  has  been 
considerably  quarried,  occur  on  the  N.  E.  i  of  ^section  14,  on  land 
of  Joseph  Moody  ;  covering  some  thirty  acres  and  rising  25  feet 
above  the  adjoining  swamps,  or  75  to  100  feet  above  the  Missis- 
sippi. This  rock  is  mostly  divided  by  joints  from  six  inches  to 
five  feet  apart.* 

Syenite  nearly  like  the  coarse  reddish  portion  of  the  last  or  that 
described  in  the  N.  W.  i  of  section  13,  occurs  aUo  at  several  places 
in  the  S.  E.  i  of  section  11,  on  land  of  William  Eouts.  Its  most 
northerly  exposures  are  about  sixty  rods  north  of  the  south  line  of 
the  section,  and  do  not  rise  a'.>ove  the  general  level  of  the  surround- 
ing marshy  land.    A  smooth  surface  of  this  rock,  about  fifty  feet 

•  In  several  plaoee  on  this  quartar-eeotion  distinQt  glaoUa  atrisD  were  observed,  bearing 
&  4V  to  5U*  W.,  by  the  true  meridian.    At  another  point,  a  few  rodn  from  theae,  their 
oouraeisS.  15>  W.    On  the  other  ledgee  of  this  township  befora  deioribed,  theee  marke 
have  been  effaced  by  weatherinir* 
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across,  being  the  largest  patch  seea  here,  has  no  joint  or  seam.  An 
outcrop  of  this  rock  about  a  hundred  feet  square,  lying  some  forty 
rods  south-southwrist  from  this,  upon  the  same  quarter-section  and 
three  to  ten  rods  north  of  its  south  line,  rises  five  feet  above  the 
general  leTel  and  is  divided  by  j  )ints  three  to  eight  feet  apart, 
mostly  running  north  and  south,  with  others  less  numerous  from 
east  to  west. 

In  the  N.  E.  i  of  the  N.  W,  i  of  section  11,  owned  by  Collins, 
Mitchell  &  Searle,  and  in  the  adjoining  N.  i  o^  the  N.  E.  i  of  the 
same  section,  owned  by  E.  E.  Beal,  are  large  exposures  of  rednyen- 
ite,  which  has  been  quarried  somewhat.  It  covers  about  ten  acres, 
and  rises  ten  to  twenty  feet  above  neighboring  depressions.  At 
the  quarry  it  is  distinctly  red  near  the  surface,  but  gradually 
changes  to  ^ray  at  a  depth  of  three  or  four  feet.  It  is  rather  cuarse 
in  grain.  Feldspar,  quartz  and  hornbl»*ude  are  all  present  in  con- 
siderable amount,  the  feldspar  being  about  half  of  the  whole.  This 
rock  is  very  massive,  sometimes  extendiug  a  hundred  feet  without 
a  joint.  The  distance  to  the  railroad  is  one  and  a  half  miles,  and 
to  Sauk  Rapids,  two  and  a  half  miles.* 

Watab.  The  southern  two  miles  of  this  township,  to  a  distance 
of  three  miles  from  the  Mississippi,  have  many  outcrops  of  these 
crystalline  rocks,  mainly  of  syenite,  which  presents  varieties  simi- 
lar to  those  described  in  Sauk  Rapids. 

In  the  N.  W.  i  of  section  35,  about  one-third  of  a  mile  east  of 
Watab  station,  is  the  quarry  of  Talcott,  Gastie  &  Co.,  which  was 
worked  by  them  in  1871  with  forty  men,  drawing  the  stone  six 
miles  to  Sauk  Rapids,  then  the  end  of  the  railroad.  This  stone 
was  mostly  used  for  buildinors  in  Chicago,  which  were  destroyed  in 
the  great  fire  of  October,  1871.  It  has  been  much  used  lor  ceme- 
tery work,  as  monuments  andbases.f 

About  a  half  mile  farther  east,  in  the  N.  E.  i  of  this  section  35, 
is  the  quarry  owned  by  H.  D.  Gurney,  of  Saiut  Paul,  which  was 
opened  and  considerably  worked  in  1871  and  1875.  From  that 
time  it  remained  idle  till  1881,  when  it  was  leased  to  Saulpaugh 
&  Co.,  by  whom  it  was  operated  with  from  fifty  to  a  hundred  men, 
including  quarrymen  and  cutters,  the  stone  being  used  with  that 
quarried  by  them  in  Haven,  as  before  stated,  for  the  Northern 
Pacific  bridge  at  Bismarck.  This  exposure  includes  three  distinct 
varieties  of  syenite:    gray,  coarse-grained,  which   makes  up  the 

*  Olaolal  stricB.  seen  «t  a  doxen  places  upon  this  outcrop,  bear  quite  ualformly  S.  60"  W.»  ' 
referred  to  the  true  meridian,  varying  rarely  to  S  4V  W.  and  S.  05^ W. 
t  Olaoial  striA  were  objerved  here,  bearinir  S.  IS-*  W. 
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greater  part  of  the  stone  quarried;  gray,  finer-grained;  and  red- 
dish, with  grains  of  intermediate  size.  These  kinds  of  rock  lie  in 
contact,  showing,  at  least  in  some  portions  of  the  quarry,  no  grad- 
ual transition  but  an  abrupt  change  at  a  definite  line.  A  branch 
track,  a  mile  in  length,  was  laid  from  the  railroad  to  this  quarry 
in  May,  ]  881. 

Extensive  ledges  of  similar  rock  lie  in  the  S.  E.  i  of  section  36. 
In  the  north  part  of  section  34,  on  land  of  Joseph  Campbell, 
are  also  large  exposures  of  syenite  of  excellent  quality,  but  not 
yet  quarried,  except  to  supply  a  block,  3  by  H  by  1  foot  in  size, 
polished  on  one  side,  which  was  sent  to  the  Centennial  Exposition. 
The  highest  points  of  the  foregoing  ledges  rise  10  to  20  feet 
above  the  average  of  the  adjoining  land,  or  75  to  100  feet  above 
the  Mississippi  river,  which  here  is  1,000  feet  above  the  ocean. 

Prominentkiiobsofsyenite,  mostly  reddish  and  somewhat  porphy- 
ritic,  and  often  darker  and  finer-grained  than  the  preceding,  some- 
times in  appearance  approaching  trap,  dikes  of  which  are  also  pres- 
ent, occur  in  section  27,  between  the  railroad  and  the  river,  a  half 
to  one  mile  north  from  Watab  station.  At  each  side  of  the  river 
road  its  elevations  are  40  feet  above  the  road  and  75  to  90  feet  above 
the  river.  One  of  these  hills  of  rough,  bald  rock  (called  by  School- 
craft the  Peace  rock)  rises  in  moderate  slopes  directly  from  the  riv- 
er*s  edge  about  a  half  mile  south  from  the  mouth  of  Little  Rock 
creek,  which  was  so  named  because  of  these  ledges. 

Prospecting  for  gold  was  undertaken  here,  some  fifteen  years 
Ago,  by  Major  T.  N.  Newson,  sinking  a  shaft  about  ten  feet.  This 
is  close  southeast  of  the  river  road,  near  the  center  of  section  27. 
It  is  some  40  feet  above  the  river,  with  a  depression  on  the  east, 
separating  it  from  a  hill  about  75  feet  high  a  sixth  of  a  mile  east. 
The  vein  explored  is  quartz,  one  to  eight  inches  thick,  dipping 
80^  S.  E.  The  east  wall  of  this  vein  is  dark  and  tough  trap;  and 
its  west  wall  is  a  porphyritic,  reddish  syenite. 

A  small  outcrop,  twenty-five  or  thirty  feet  across  and  some  15 
feet  high,  lies  in  the  N.  W.  i  of  section  26,  a  short  distance  east 
from  the  railroad  and  highway.  Beyond  this  northward  the  only 
other  rock-exposure  known  in  this  county  near  the  Mississippi 
river  is  a  small  and  low  outcrop  in  its  bank,  of  a  tough,  close- 
grained,  hornblendic  rock,  occurring  about  a  mile  farther  north, 
opposite  to  the  northeast  corner  of  section  33,  Brock  way,  Stearns 
county. 

Gilmanton.    The  only  ledges   that  remain  to  be  described  in 
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Benton  county  are  in  its  central  and  northeastern  portions,  with* 
in  Gilmanton  and  Alberta  townships. 

In  the  S.  E.  i  of  the  S.  W.  i  of  section  18,  Oilmanton,  on  land 
of  Clement  Teller,  about  twelve  rods  west  of  tbe  road,  reddish 
syenite,  mostly  in  large  fractured  blocks,  is  exposed  at  the  south 
side  of  a  small  brook,  upon  an  area  two  or  three  rods  in  extent. 

About  three-fourths  of  a  mile  west  from  this,  similar  rock  is  said 
to  outcrop  on  the  east  side  of  the  Elk  river  and  in  its  channel, 
rising  about  ten  feet  above  the  river  and  extending  six  or  eight 
rods. 

Alberta.  At  the  end  of  the  portion  of  the  old  state  road  which 
had  its  timber  cleared  off,  this  being  at  the  middle  of  the  north 
side  of  section  20,  in  the  east  township  of  Alberta,  the  most  north- 
eastern of  the  county,  this  road  crosses  an  exposure  of  rock  which 
has  an  extent  of  about  twenty-five  rods  from  north  to  south,  and 
is  some  fifteen  rods  wide.  The  quarter-section  stake  is  about  five 
rods  east  from  the  north  part  of  this  led^e^  which  extends  into  the 
edge  of  section  17,  but  lies  mainly  in  the  N.E.  i  of  the  N.W.  i  of 
section  20,  on  land  of  Charles  A.  Oilman,  of  Saint  Cloud.  The 
northeast  part  of  this  outcrop  contains  a  dike  of  trap,  dark  with 
whitish  spots,  seen  along  a  distance  of  thirty  or  forty  feet  and 
varying  from  eight  to  eighteen  inches  in  width.  Its  course  in  the 
east  part  of  its  visible  extent  is  S.  60^  VV.;  but  it  is  changed  beyond 
to  about  due  west.  South  of  this  dike  the  rock  is  a  coarse-grained, 
reddish  syenite,  composed  mostly  of  feldspar,  with  perhaps  one- 
fourth  part  quartz.  On  the  north  side  of  the  dike  the  texture  of 
the  rock  is  very  different,  though  its  mineral  composition  may  be 
nearly  the  same.  Here  it  is  very  fine-grained,  and  is  much  more 
traversed  by  joints,  which  are  usually  only  one  to  two  feet  apart, 
dividing  the  rock  into  rhomboidal  masses.  These  diverse  rocks, 
definitely  divided  at  this  dike,  appear  to  form  respectively  the  south 
and  north  parts  of  this  outcrop.  Other  ledges  of  syenite  are  re- 
ported within  a  mile  northward,  in  section  17  and  the  N.  E.  i  of 
section  18. 

About  four  miles  east  from  the  last,  in  the  N.W.  i  of  section  24 
of  the  same  township,  several  exposures  of  coarse-grained  reddish 
syenite  occur  in  the  banks  and  bed  of  the  West  branch  of  Rum 
river.  In  proceeding  eastward  and  down  the  stream,  the  first  of 
these  outcrops  is  about  twenty-five  rods  above  the  new  **  roll 
dam,*'  which  was  rebuilt  in  1879.  At  this  upper  ledge  wings  of 
logs  are  built  on  each  side  to  turn  the  floating  logs  into  the  middle 
oi  the  stream,  which  here  falls  three  feet,  the  open  space  between 
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the  wings  being  thirty  feet.  The  channel  here  and  both  banks  to 
n  hight  one  or  two  feet  above  the  water,  along  a  distttnce  of 
twenty  or  thirty  feet  at  each  side,  are  this  syenite,  but  it  has  no  ex- 
posures upon  the  general  surface,  which  is  elevated  only  about  five 
feet  above  the  stream.  The  crystals  of  this  rock  are  an  eighth  to  a 
half  of  an  inch  long;  about  two-thirds  of  the  whole  consist  of  flesh- 
colored  feldspar;  about  one-sixth  is  quartz,  varying  from  whitish  to 
smoky  and  transparent;  and  the  remainder  consists  of  dark  par- 
tides,  mostly  hornblende,  with  rare  grains  of  black  mica. 

At  the  ''  roll  dam,^^  twenty-five  rods  northeast  from  the  last,  the 
same  rock  is  exposed  in  the  south  or  right  bank,  and  the  south 
half  of  the  dam  for  about  seventy-five  feet  is  founded  on  it.  Its 
width  visible  is  from  ten  to  twenty-five  feet,  and  its  hight  above 
the  water  below  the  dam  is  one  to  two  feet.  The  fall  h^re  is  also 
about  three  feet.  Both  these  outcrops  are  massive,  often  showing 
no  joint  for  twenty  or  thirty  feet. 

At  a  bend  in  the  river  about  thirty  rods  below,  being  northeast 
and  within  sight  from  the  ^^roU  dam,^*  the  northern  or  left  bank 
has  an  exposure  of  this  coarse  syenite,  about  twenty-five  feet  long 
and  five  to  fifteen  feet  wide,  rising  one  foot  above  the  water;  suc- 
ceeded in  the  next  twenty-five  feet  east  by  a  very  fine-grained^ 
compact,  but  considerably  jointed  rock,  of  deep  dull  red  color,  ap- 
parently made  up  mainly  of  feldspar.  Its  extent  seen  was  about 
twenty-five  feet  long  by  five  to  ten  feet  wide,  reaching  one  foot 
abore  th?  water,  which  at  the  time  of  this  examination  was  prob- 
ably two  feet  above  its  lowest  stage. 

Within  sight  from  the  last  and  about  a  dozen  rods  down  the 
stream,  which  here  fljws  to  the  southeast,  the  coarse-grained  mas- 
sive syenite  is  again  exposed  in  the  northeast  or  left  bank  of  the 
river.  Its  extent  is  about  50  by  10  to  20  feet,  and  its  hight  was 
two  feet  above  the  river,  to  which  this  ledge  descends  perpendicu- 
larly, with  deep  water  at  its  side. 

These  are  the  first  ledges  found  by  lumbermen  in  descending 
this  West  branch  of  Rum  river. 

KILLB  LACS  OOUNTY. 

The  only  remaining  exposures  of  rock  on  this  stream  are  within 
three  miles  southeast  from  those  last  described^  being  in  sections 
19  and  29,  of  T.  38.  K.  27,  in  Mille  Lacs  county. 

T.  38,  B.  27.  At  Stony  Brook  dam,  situated  on  the  West 
branch  near  the  center  of  section  19,  fifteen  and  a  half  miles  in  a 
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straight  line  northwest  from  Princeton,  and  about  three-fourths 
of  a  mile  east-southeast  from  Brown's  lumber  camp  and  the  mouth 
of  Stony  brook,  the  excavation  at  the  north  end  of  the  dam  shows 
a  small  exposure,  about  twenty-five  feet  across,  of  the  same  coarse, 
reddish  syenite  as  occurs  at  and  near  the  ^^roU  dam/'  This  has  a 
smooth  surfacct  nearly  free  from  joints.  Its  hight  is  only  one  or 
two  feet  above  the  river. 

In  section  29,  this  rock  occurs  at  many  places  in  the  banks  and 
channel  of  the  river  along  a  distance  of  more  than  a  half  mile» 
These  ledges  begin  about  a  mile  southeast  from  the  Stony  Brook 
dam.  The  following  notes  describe  them  in  the  order  that  they 
were  found  in  following  down  the  river. 

The  first  outcrop  noted,  perhaps  below  some  which  were  not 
seen  by  me,  occurs  on  the  west  or  right  side  of  the  stream;  and  is 
about  fifty  feet  square,  reaching  from  the  bjink  nearly  across  the 
river,  which  throu4h  this  section  varies  from  two  to  four  rods  in 
width,  and  is  from  three  to  six  feet  deep.  It  here  has  a  fall  of  one 
foot,  and  the  rock  rises  one  to  two  feet  above  it.  Thi^s  is  a  massive- 
syenite,  coarse-grained  and  reddish,  indistinguishable  from  that  at 
the  '-roll  dam." 

At  about  twenty-five  rods  and  again  at  thirty-five  rods  from  the- 
preceding,  down  the  stream,  which  here  flows  south,  ledges  of  the 
same  rock  are  exposed  in  the  left  bank  of  the  river,  at  each  place 
having  a  length  of  about  twenty-five  feet  and  a  hight  of  three  or 
four  feet. 

Some  twenty  rods  south  from  the  last,  where  the  river  turns 
east,  its  right  bank  just  below  the  bend  has  an  outcrop  of  the  same 
rock,  extending  four  rods  and  rising  five  or  six  feet  above  the 
water.  A  part  of  this  ledge  is  divided  by  east-to-west  joints,  one 
to  two  or  three  feet  apart;  but  the  higher  southern  part,  like  most 
of  these  outcrops,  is  massive,  rarely  intersected  by  joints. 

About  forty  rods  below  the  last,  southeasterly,  the  river  flows^ 
falling  about  one  and  a  half  feet,  over  ledges  of  the  same  rock,  ia 
part  divided  by  east-to-west  joints.  In  the  east  or  left  bank  these 
outcrops  rise  six  feet  above  the  water.  Low  exposures  of  this  ruck 
continue  in  the  left  bank  about  eight  rods  south,  and  after  an  in* 
ierval  of  four  or  five  rods  again  appear  in  the  left  bank  for  about 
fifty  feet,  rising  seven  feet  above  the  river. 

Twenty  rods  down  stream,  south-southwest  from  the  last,  ledges 
of  the  same  rock  re-appear  in  the  left  bank,  and  reach  ten  or  twelve 
rods  west-southwest,  down  the  stream,  rising  five  to  eight  feet 
above  it. 
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Some  ten  rods  below,  westerly  from  the  last,  it  is  again  exposed 
in  the  left  bank  at  a  small  island. 

From  twenty  to  forty  rods  farther  down  the  stream,  westerly  to 
where  it  tarns  south,  then  flowing  south  and  southeast,  there  are 
frequent  outcrops  of  the  same  rock  at  each  side  of  the  stream,  aboTe 
which  these  ledges  rise  from  one  to  five  feet.  No  exposures  of  rock 
are  known  below  this  on  the  West  branch  of  Rum  river;  and  none 
were  found  elsewhere  in  this  region,  except  as  described  in  the 
banks  and  channel  of  this  stream.  The  descent  of  the  West  branch 
in  its  course  of  about  three  and  a  half  miles  from  the  ^'roll  dam^*  to 
the  lowest  of  these  ledges,  is  estimated  to  be  about  25  feet.* 

The  numerous  rock  exposures  seen  along  these  three  miles  are 
remarkably  alike  in  lithological  character,  being  a  coarse,  flesh- 
colored  or  reddish  syenite,  with  occasional  particles  of  mica.  It  is 
well  adapted  to  be  quarried  for  ordinary  masonry  and  building  pur- 
poses; but  it  has  not  yet  been  worked  because  settlements  have  not 
extended  into  this  district. 

On  the  main  Sum  river ^  generally  denominated  the  "East 
branch,^^  the  drift  and  topographic  features  are  mainly  like  those 
described  on  the  West  branch.  Its  only  exposures  of  thje  bed-rock 
are  about  thirty  miles,  in  a  direct  line,  north  of  Princeton,  being 
six  to  ten  miles  south  of  Mille  Lacs.  Low  outcrops  of  small  area, 
seen  in  descending  this  stream  at  Rum  river  faLs,  in  the  S.  £.  i  of 
section  18,  T.  41,  R.  26,  a  half  mile  above  the  mouth  of  Bradbury 
brook,  and  at  other  points  a  few  miles  below  these  falls,  are  de- 
scribed by  Norwood  as  syenike,  hornblende  rock,  gneiss,  granite, 
and  greenstone.  Another  outcrop  is  reported  at  the  ^'ledge  dam", 
on  the  south  fork  of  the  Bradbury  brook,  three  or  four  miles  above 
its  junction  with  the  East  branch. 

EAKABEO  OOUXTY. 

The  glacial  drift  and  surface  features  of  this  county  are  much 
like  those  of  Benton  and  Mille  L^cs  counties.  The  ledges  of  crys- 
talline rocks  examined  in  Kanabec  county  are  on  Ann  river  in  the 
yiciuity  of  the  Ann  Lake  dam;  and  on  Snake  river  at  and  near  its 
Upper  and  Lower  falls,  which  are  situated  in  T.  42,  R.  23,  respec- 
tively one  and  a  half  and  two  and  a  half  miles  south  from  the  north 
line  of  the  county, 

*  The  Adjoining  land  is  moderately  nndulatins  till,  vanrinff  Arom  a  few  feet  to  thirty  or 
forty  feet  above  the  river,  well  wooded,  but  with  little  pine.  Ite  soil  promises  well  for 
agricuiture*  The  pinerie.^  which  ftill  remain  upon  the  head-waters  of  the  West  branch 
begin  several  miles  farther  northwest,  beyond  the  west  line  of  Mille  Laos  county. 
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The  Ann  Lake  dam^  having  eight  feet  head,  and  raising  the  level 
of  Ann  lake  about  five  feet  as  a  reservoir  for  log-driving,  is  situ- 
ated two  miles  below  the  mouth  of  this  lake  in  the  east  edge  of  the 
i:3.E.  i  of  section  30,  T.  40,  R.  24.  About  ten  rods  south  from  the 
gate  of  this  dam  is  a  rock  exposure  six  or  eight  rods  in  length  and 
width;  but  the  rock  does  not  appear  here  in  the  channel  or  bank 
of  the  river.  Its  next  outcrop  is  some  fifty  rods  down  stream,  south- 
east, being  in  the  S.  W.  i  of  section  29,  at  the  southwest  end  of  the 
'^  roll  dam,*'  extending  ten  or  twelve  rods  beside  the  river, 
and  about  six  rods  in  width.  These  outcrops  rise  five  to  ten  feet 
above  the  river.  Again,  about  thirty  rods  down  stream,  south 
from  the  last,  and  in  the  same  quarter-section,  or  in  the  north  edge 
of  section  32,  at  a  ^'breakwater,^^  a  ledge  two  or  thrte  rods  in  ex- 
tent is  found  a  few  rods  southwest  from  the  stream,  and  six 
or  eight  feet  above  it,  but  not  rising  above  the  general  surface.  All 
these  outcrops  are  on  the  southwest  side  of  the  river.  They  are  all 
alike,  being  a  light  gray,  rather  fine-grained  granite,  somewhat  de- 
composed next  to  the  surface,  so  that  it  breaks  with  a  crumbling 
fracture.  In  excavation  by  quarrying  it  would  probably  be  found 
adapted  for  building  purposes,  with  fair  durability.  Throughout 
these  exposures  it  has  a  very  uniform  texture,  with  no  noteworthy 
variation  and  no  included  veins.  It  is  cut  by  joints  from  two  to 
ten  or  fifteen  feet  apart. 

Similar  rock-outcrops  are  reported  on  the  Little  Ann  river  two 
to  four  miles  west  and  northwest  from  the  foregoing,  in  section  26, 
T.  40.  R.  25,  and  probably  in  the  S.E.  i  of  section  14,  occurring  at 
several  places  in  the  channel  and  banks  of  the  stream;  but  not  at  its 
dam,  which  is  in  or  near  the  S.W.  i  of  section  11. 

Vicinity  of  the  Upper  and  Lower  falls  of  Snake  river.  The 
trip  to  these  falls  was  from  Kettle  River  station  southwesterly  by 
the  north  side  of  Pine  lakes  to  McClure^s  lumber  camp,  situated  on 
the  west  side  of  Cowan's  brook,  in  the  N.W.  i  of  the  N.  W.  i  of  sec- 
tion 35,  T.  43,  R.  23.  The  logging-road  which  follows  down  Cow- 
an's brook,  at  about  two-thirds  of  a  mile  south  from  this  camp,  in 
the  S.E.  i  of  section  34  of  this  township,  a  little  north  of  the  line 
between  Aitkin  and  Kanabec  counties,  goes  over  a  spot  which 
is  strown  with  many  blocks  of  a  fine-grained,  gray  granite,  con* 
taining  black  mica.  This  is  doubtless  the  bed-rock  here,  at  a  little 
depth  below  the  surface. 

About  a  mile  farther  southwest,  some  forty  rods  below  McClure's 
landing  and  a  quarter  of  a  mile  above  the  mouth  of  Cowan's  brook, 
probably  in  the  N.  W.  i  of  the  S.  E.  i  ofsection  4,  T.  42,  R.  23,  a 
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mediam-grained  gray  granite,  with  a  little  black  mica,  outcrops  in 
both  banks  of  Snake  river  and  forms  a  short  rapid.  These  ledges 
on  the  left  shore  extend  about  forty  feet,  rising  only  one  or  two 
feet  aboye  the  water;  but  on  the  right  bank,  a  short  distance  below, 
they  reach  a  hundred  feet  or  more,  having  a  hight  six  or  eight 
feet  above  the  river. 

An  eighth  of  a  mile  farther  south,  a  finely-laminated,  dark  gray 
mica  schist  forms  outcrops  two  or  three  rods  long  and  six  feet 
above  the  river,  in  each  bank.  This  has  a  northerly  dip,  varying 
from  5^  to  15^.  It  is  traversed  irregularly  by  veins,  from  one  inch 
to  one  foot,  and  on  the  west  bank  from  one  to  four  feet  in  width, 
composed  of  coarsely  crystalline  light  gray  granite,  which  has  crys- 
tals of  white  mica  an  inch  long. 

The  head  of  the  Upper  falls  of  Snake  river  is  about  two-thirds 
of  a  mile  south  from  the  mouth  of  Gowan^s  brook,  in  the  north 
part  of  section  9.  The  first  noteworthy  ledges  beyond  those  last 
described  are  about  twenty-five  rods  below,  west-southwest  from, 
the  head  of  these  rapids.  Here  the  river  flows  ten  rods  westerly 
between  walls  of  granite  only  thirty  to  forty  feet  apart,  with  a 
descent  of  two  or  three  feet.  This  is  called  the  ''jaws  of  the  Upper 
falls.^'  The  rock  here  is  mainly  htslj  granite,  in  part  fine-grained, 
but  more  generally  of  medium  or  very  coarse  grain.  It  also  en- 
closes many  veins  and  masses,  from  one  to  eight  feet  in  width,  of 
exceedingly  coarsely  crystalline  granite,  with  flesh-colored  feldspar, 
or  of  such  feldspar  alone;  and  these  in  some  portions  make  up 
nearly  half  of  the  rock  exposed.  Veins  of  white  quartz,  up  to  one 
foot  in  diameter,  are  also  present.  In  some  parts  this  rock  has  a 
distinct  but  much  contorted  lamination,  being  thus  changed  to 
gneiss  and  mica  schist.  Joints,  vertical  and  nearly  horizontal  or 
oblique,  divide  these  ledges  into  blocks  from  one  to  five  or  ten  feet 
in  dimension.  Because  of  this  structure  the  channel  eroded  by  the 
river  is  enclosed  by  zigzag,  nearly  vertical  walls,  which  are  10  to 
15  feet  high.  The  same  formation,  with  great  lithological  va- 
riety, reaches  twenty  to  forty  rods  from  the  river  on  each  side, 
and  rises  25  to  40  feet  above  it ;  and  extends  with  nearly  con* 
tinuous  exposures  a  third  of  a  mile  or  more  along  the  river 
south  and  southwest  to  the  foot  of  these  falls,  which  is  near  the 
mouth  of  Hay  creek,  a  tributary  from  the  west.  Similar  rocks,  in- 
cluding very  coarse  granite,  occur  also  at  the  ^'rbll  dam'^  and  at 
the  ^^gate  dam'^  on  this  creek,  situated  respectively  three-fourths 
of  a  mile  and  one  mile  above  its  mouth.  On  the  east  side  of  Snake 
river,  about  thirty  rods  south  of  the  ''jaws  of  the  Upper  falls,"  the 
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rock  for  several  rods  is  darkish  gray  gneiss,  dipping  30^  to  40®  S. 
Some  twenty-fiye  rods  farther  south,  it  is  a  medium- grained,  light 
gray  granit«%  containing  both  black  and  white  miea,  the  former 
most  abundant;  this  is  a  little  northeast  from  a  small  island  in  the 
river,  and  is  about  an  eighth  of  a  mile  north  from  tho  foot  of  these 
rapids  of  the  Upper  falls.  This  granite  by  its  color  and  texture 
promises  to  be  a  handsome  and  easily  wrought  building-stone.  It 
has  more  extensive  exposures  one  mile  farther  southeast  along  the 
Lower  falls. 

A  quarter  of  a  mile  sbuth  from  the  last,  an  exposure  of  dark 
granite  or  gneiss  extends  about  ten  rods  along  the  southwest  bank 
of  the  river.  It  is  divided  by  a  conspicuous  system  of  joints  which 
dip  about  45®  southerly.  No  outcrop  occurs  here  on  the  north- 
east or  left  bank. 

About  forty  rods  southerly  from  the  last,  an  outcrop  of  medium- 
grained,  flesh-colored  granite  forms  a  small  rapid.  It  occurs  in  the 
channel  and  has  small  and  low  exposures  on  each  shore. 

The  head  of  the  Lower  falls  is  about  an  eighth  of  a  mile  south 
from  the  last,  being  where  the  river  bends  eastward  in  the  north 
part  of  section  16.  Between  the  Upper  and  Lower  falls,  as  also 
above  and  below  them,  the  land  is  slightly  or  moderately  undulat- 
ing till.  5  to  25  feet  above  the  river,  which  is  from  three  to  eight 
rods  wide. 

The  Lower  falls  of  Snake  river  lie  in  the  E.  i  of  the  N.  E.  i  of 
section  16,  T.  42,  it.  23,  and  in  the  N.  W.  i  of  section  15,  reach- 
ing about  three-fourths  of  a  mile,  in  which  the  river  flows  east 
and  east-northeast,  falling  some  twenty  fieet  in  this  distance  by  a 
succession  of  rapids,  but  having  no  great  fall  at  any  one  place* 
Along  this  distance  the  river  is  bordered  by  abundant  granitic 
ledges,  roughlv  ragged,  jointed  and  broken,  but  rarely  vertical^ 
varying  from  10  to  30  feet  in  hight.  These  rock-outcrops  reach 
twenty  to  forty  rods  or  more  from  the  river  upon  each  side, 
and  form  several  east-to- west  ridges,  an  eighth  to  a  fourth  of  a  mile 
long,  rising  25  to  40  feet  above  the  river.  They  rise  most 
steeply  in  the  south  or  right  bank  of  the  river,  owin^  to  a  gen- 
eral system  of  joints  which  dips  about  60^  southerly.  Through- 
out this  area  the  principal  rock  is  a  medium-grained,  )io:ht  gray 
granite,  desirable  for  quarrying,  tike  that  found  fifty  or  sixty  rods 
south  from  the  ^^ jaws"  of  the  Upper  falls.  This  rock  is  usually 
divided  by  joints  at  intervals  of  five  to  ten  feet ;  and  it  includes 
veins  and  masses  of  gneiss,  mica  schist,  very  coarse  flesh-colored 
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granite,  and  of  feldspar ;  but  these  are  far  less  frequent  than  at  the 
Upper  falls. 

The  place  of  the  river's  channel  across  this  formation  may  have 
been  determined  by  a  stratum  of  dark,  partly  crumbling  mica 
schist,  which  seems  to  be  included  in  the  granite,  it  is  seen  in 
each  bank  of  the  river  along  the  central  and  east  part  of  the  Lower 
falls  for  a  distance  of  a  quarter  of  a  mile;  its  best  exposure  is  in 
the  east  part  of  this  distance,  where  its  strike  is  £.  or  N.  80^  E., 
coinciding  with  the  course  of  the  river.  The  dip  of  this  bed  iS 
about  75^  S.,  and  its  thickness  appears  to  be  about  one  hundred 
feet.  This  schist  encloses  occasional  seams  of  white  quartz  up  to 
three  and  sometimes  six  inches  in  thickness,  coinciding  with  the 
foliation. 

Potsdam  sandstone.  Below  these  falls,  the  only  remaining  out- 
crops of  rock  on  the  Snake  river  in  Kanabec  county  are 
sandstones,  in  part  conglomeritic,  which  are  believed  to  belong  to 
the  Potsdam  period.  No  fossils  were  found  in  them.  Their 
first  exposure  is  about  one  and  a  half  miles  southeast  from 
the  Lower  falls,  being  at  0'Brien\s  camp,  in  the  north  part  of  sec- 
tion 23,  T.  42,  R.  23,  where  the  river  turns  from  a  west  to  a  south 
course.  Ilere  a  dark  red  sandstone,  divided  throughout  in  layers 
from  a  quarter  of  an  inch  to  two  inches  thick,  is  exposed  in 
the  river's  west  or  right  bank  for  twenty-five  rods  at  and  south  from 
its  sharp  bend,  seen  at  several  places  to  a  hight  two  to  six 
feet  above  the  water.  It^best  exposure  is  just  below  this,  reaching 
twenty  rods  south-southeast,  in  the  east  bank  of  the  river,  forming 
a  wall  three  to  eight  feet  high.  The  general  surface  eastward  is 
only  about  ten  feet  above  the  river,  but  it  has  no  rock-outcrops. 
All  this  sandstone  is  divided  in  thin  layers,  which  in  many 
places  show  oblique  bedding,  varying  five  to  ten  degrees  from  the 
planes  of  stratiKcation,  which  throughout  dip  10*^  to  20^  E.  N. 
E.  It  is  further  divided  by  irregular  vertical  joints,  into  pieces  only 
six  to  eighteen  inches  long.  At  several  places  this  rock  includes 
many  gravel  stones,  up  to  a  half  or  two-thirds  of  an  inch  in  diam- 
eter; these  are  mostly  quartzose;  and  one  of  soft,  red  pipestone 
was  found. 

In  the  south  part  of  the  next  township  (41  of  range  23),  Shu- 
mard  reports  an  exposure,  twenty-five  feet  in  thickness,  of  red 
sandstone  and  alternating  ash-colored  clays. 

At  Knife  River  bridge,  which  crosses  Snake  river  in  the  N.E.i 
of  section  3,  T.  89,  R.23,  about  three  miles  east-southeast  from  the 
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exposures  of  granite  near  Ann  Lake  dam,  this  sandstone  is  exposed 
for  a  length  of  about  300  feet  and  a  width  of  75  feet,  on  the  south- 
west or  right  shore  of  the  river.  It  has  mainly  a  slopiog  surfacet 
rising  from  the  water's  edge  to  about  five  feet  above  it;  but  at  ita 
east  end  for  nearly  100  feet  it  has  a  vertical  outcrop,  rising  in  its 
highest  part  seven  to  ten  feet  above  the  riv^er.  This  rock  is  a  coarse- 
grained sandstone,  of  gray  and  iron-rusted  color,  divided  by 
weathering  into  layers  from  a  quarter  of  an  inch  to  one  and  a  half 
inches  thick.  Mainly  it  has  an  eastward  dip,  which  appears  to  be 
slightly  variable  in  amount  and  direction.  At  one  place,  the  steep- 
est noticed,  the  dip  is  15^  E.  S.  £.  In  some  layers  this  rock  h-as  a 
deep  dull  red  color  for  three  or  four  inches  vertically  through  a 
length  of  six  to  ten  feet  This  entire  outcrop  encloses  pebbles  here 
and  there,  mostly  quartz  or  quartzose,  of  all  sizes  up  to  three  and  a 
half  inches  in  diameter,  but  they  are  nowhere  so  plentiful  as  to  give 
the  rock  the  character  of  an  ordinary  conglomerate. 

The  foregoing  comprise  all  the  exposures  of  rock  known  in 
Kanabec  county. 

PIKB  OOUNTY. 

Crystalline  schists.  The  most  northern  outcrops  of  rock  learned 
of  in  this  county,  are  in  the  east  part  of  its  northwestern  township 
(T,  45,  R.  21),  where  schist,  conspicuously  veined  with  white 
quartz,  is  reported  as  forming  knobf  40  to  75  feet  high  and  extend- 
ing two  miles  or  more  in  a  course  from  southwest  to  northeast. 
Townrd  the  southwest  this  formation  appears  in  Kanabec  county 
at  the  Upper  and  Lower  falls  of  Snake  river,  aud  in  Aitkin  county 
at  the  dam  on  this  river,  situated  in  the  S.  W.  i  of  section  21,  T. 
43,  R.  23,  a  few  miles  above  these  falls,  and  again  in  the  north  part 
of  the  same  township,  a  few  miles  above  this  dam  and  a  half  to 
one  mile  below  the  fork  of  Snake  river.  Northward,  it  is  exposed 
in  Carlton  county  at  the  mouth  of  Split  Rock  river,  tributary  to 
the  Kettle  river  from  the  west  in  section  32,  T.  46,  R.  20,  and  six 
miles  farther  east  in  the  vicinity  of  Moose  Lake  station,  which  is 
two  and  a  half  miles  north  of  Pine  county  line. 

The  last  of  these  localities  is  the  only  one  which  I  have  ex- 
amined. The  southern  limit  of  the  rock  exposures  here  is  near 
Fox  &  Wisdom^s  steam  saw-mill,  a  mile  south  of  the  depot.  Thence 
northward  the  rock  lies  for^two  thirds  of  a  mile  partly  on  each 
side  of  the  railroad.  From  the  village  its  area  reaches  west  a  half 
mile,  and  continues  abont  a  mile  farther  north  at  some  distance 
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west  of  the  railroad,  rising  in  moderate  slopes  25  to  40  feet  above 
the  railroad  and  lake.  It  is  mainly  a*  darkish  gray  hydromica 
schist,  considerably  contorted,  with  variable  dip,  its  lamination 
being  sometimes  horizontal,  but  usually  dipping  15^  to  25^  S.  or 
B.  15^  E.  Quartz  veins,  mostly  from  an  eighth  of  an  inch  to 
three  inches,  and  rarely  from  one  to  four  feet,  in  thickness,  are 
frequent.  A  vein,  or  dike,  only  about  an  inch  in  thickness,  of 
dark,  columnar  trap,  was  found  half  a  mile  west  of  the  station. 
Part  of  this  rock,  especially  northward,  is  very  fine-grained  and 
compact,  resembling  quartzyte,  and  having  a  dark  slate  color. 
This  usually  shows  no  distinct  lamination  and  has  no  slaty  cleav* 
age,  but  it  is  much  divided  by  joints  into  rhombic  masses  one  to 
two  feet  long.  Other  portions  of  this  outcrop  are  traversed  by  joints 
from  one  to  ten  feet  apart;  their  principal  system  is  nearly  vertical 
and  runs  from  north  to  south  or  S.  10^  E.;  fewer  joints  cross  these, 
bearing  sauthwest  or  nearly  from  east  to  west.  Through  all  the 
extent  of  this  rock,  it  is  very  much  broken  upon  the  surface  into 
a  multitude  of  angular  blocks  from  one  to  ten  feet  in  dimension, 
so  that  on  a  lars^e  part  of  its  area  considerable  search  is  needed  to 
find  it  in  undisturbed  position. 

Sandstone.  An  area  of  sandstone,  shown  on  the  map  as  belong- 
ing to  the  Potsdam  period,  but  which  upon  further  consideration 
seems  to  be  more  probably  referable  to  the  lower  part  of  the  St. 
Croix  formation,  is  found  on  the  Kettle  river  in  Pine  county  from 
about  three  miles  north  of  Kettle  River  station  southward  along  a 
distance  of  nearly  twenty-five  miles.  The  most  northern  outcrop 
of  this  sandstone  is  reported  in  a  bluff  at  the  west  side  of  Kettle 
river,  near  the  southwest  corner  of  section  10,  T.  44,  R.  20.  Its 
next  exposure  is  some  two  miles  south  of  Kettle  River  station,  in 
the  S.  E.  i  of  section  3,  T.  43,  R.  20,  where  it  rises  about  ten  feet 
in  the  northeast  bank  of  Kettle  river.  Here  and  frequently  on- 
ward to  the  mouth  of  the  Grindstone  river,  this  rock  forms  the 
river-bed  and  produces  rapids.  Where  the  old  Government  road 
crossed  the  Kettle  river,  a  mile  below  this  reef,  the  sandstone 
rises  10  to  15  feet  in  its  rij;ht  bank.  Through  the  next  fifteen 
miles,  to  about  a  mile  below  the  Grindstone  river,  a  deep  channel 
has  been  eroded  by  the  Kettle  river  in  this  formation,  which  is  seen 
almost  uninterruptedly  along  both  sides,  often  making  a  wall 
5  to  20  feet  high  at  the  water's  edge,  and  ascending  within 
a  distance  of  an  eighth  to  a  third  of  a  mile  from  the  stream  in 
bluflSs  75  to  100  feet  high,  their  upper  half  being  usually  ver- 
tical clilb.    Occasionally  tower-like  masses  are  left  isolated  beyon'd 
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the  line  of  the  bluff,  the  edge  of  which,  aho,  is  in  many  places  bro- 
ken into  immense  blocks,  some  of  which  have  been  already  dis- 
lodjted,  while  others  are  separated  by  yawning  chasms,  from  one 
to  six  feet  or  more  across  and  ten  to  twenty-five  feet  deep,  ending 
in  cavernous  clefts  and  recesses  below.  This  whole  gorge  fifteen 
miles  long,  like  that  of  the  Mississippi  eight  miles  long  from  Fort 
Snelling  to  Minneapolis,  has  probably  been  cufc  by  the  river  since 
the  ice  age.  The  drift  in  the  vicinity  of  Kettle  river  is  thin,  and 
the  sandstone  reaches  from  the  base  to  the  top  of  its  bluffs,  which 
rise  to  the  (general  level  of  the  adjoining  country.  On  tributary 
ravines  and  creeks  this  rock  often  forms  picturesque  cliffs  to  a  dis- 
tance of  a  half  mile  or  one  mile  above  their  mouths;  but  farther 
back  the  water-courses  are  usually  of  small  depth,  not  cutting 
through  the  moderately  undulating  drift-sheet,  and  only  tew  ex- 
posures of  the  underlying  sandstone  are  known.  This  sandstone 
is  mostly  fine  but  partly  coarse  in  grain,  rarely  conglomeritic,  sel- 
dom very  hard  and  sometimes  easily  crumbling,  usually  gray  or 
buff  in  color,  and  in  stratification  nearly  level  or  inclined  only  a 
lew  degrees. 

At  the  Upper  falls  (or  Dalles)  of  the  Kettle  river,  situated  four 
miles  east  of  Miller  station,  in  the  south  edge  of  T.  43,  11.  20,  the 
river  flows  southwest  in  rapids  about  a  half  mile  long,  closely 
bordered  upon  each  side  by  ragged  cliffs  of  this  rock,  50  to  100  feet 
high.  About  a  sixth  of  a  mile  below  the  foot  of  this  rapid,  a 
little  Rtrcfini  joins  the  river  from  the  west,  having  a  pretty  water- 
fall, 13  feet  high,  a  dozen  rods  above  its  mouth.  Here  the  sand- 
stone rises  in  successive  steps  often  to  twenty  feet  each,  often  over- 
hanging, to  a  hight  about  75  feet  above  the  river.  It  is  fine- 
grained, slightly  reddish  or  yellowish  brown,  and  bedded  in  layers 
Irom  six  inches  to  three  feet  thick.  These  layers  are  nearly  level, 
but  resemble  many  modern  sand  deposits  in  being  often  obliquely 
laminated,  their  dips  varying  from  10*^  to  46®,  mostly  southward. 
On  the  small  tributary  mentioned,  this  sandstone  forms  a  pictur- 
esque ravine  extending  about  a  mile  northwestward  from  the  river. 
At  a  basin  near  the  head  of  this  gorge,  it  dips  about  three  feet  in  a 
hundred  feet,  or  approximately  two  degrees,  to  the  southeast. 

The  Lower  falls  of  Kettle  river  are  in  the  south  part  of  section 
15,  T.  42,  R.  20,  being  a  short  distance  below  a  very  large  chalybeate 
spring  which  issues  at  the  foot  of  the  eastern  bluff,  and  about  a 
mile  south  of  a  tributary  whose  loudly  dashing  descent  down  this 
bluff  is  hidden  from  view  by  its  heavy  woods.  In  the  three  miles 
between  these  falls  of  Kettle  river,  it  flows  with  a  gentle  current. 
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At  the  Lower  falls  the  sandstone  forms  both  shores  and  the  riyer^s 
channel,  in  the  middle  of  which  it  rises  in  an  island  with  yerticai 
walls  and  nearly  level  top,  about  a  hundred  feet  across,  and  LO  or  12 
feet  above  the  water  at  the  head  of  this  fall.  West  of  the  island  is 
a  perpendicular  descent  of  four  or  five  feet,  with  rapids  which  fall 
two  feet  within  a  few  rods  above,  and  as  much  more  within  twenty 
rods  below,  making  a  total  of  about  eight  feet.  East  and  south  of 
the  island  the  descent  is  a  nearly  continuous  rapid,  broken  by 
vertical  falls  of  only  about  one  foot.  The  sandstone  here  is  fine- 
grained and  somewhat  friable  ;  its  color  is  yellowish  gray  ;  and  its 
stratification,  in  beds  from  six  inches  to  three  feet  thick,  has  a 
slight  dip  to  the  south,  varying  from  one  to  four  feet  in  a  hundred 
feet. 

In  sections  16  and  17  of  this  township,  one  and  two  miles  west 
from  the  Lower  falls,  exposures  of  tuis  sandstone  occur  on  the  south 
side  of  a  small  brook,  iO  to  20  feet  above  it,  and  at  the  general 
level  of  the  surrounding  drift-covered  country.  In  the  west  part  of 
section  17,  it  is  hard  and  fine-grained,  and  was  quarried  several 
years  ago  to  test  its  value  as  a  grindstone. 

At  Hinckley,  on  the  Qrindbtone  river  four  miles  above  its  mouth, 
this  sandstone  has  heea  quarried  by  the  Saint  Paul  &  Duluth  rail- 
road company.  The  section  thus  exposed  is  six  to  nine  feet  high 
and  about  250  feet  long  from  north  to  south,  lying  close  north  of 
the  river  and  east  of  the  railroad.  The  top  of  this  ledge  is  twelve 
feet  above  the  river,  and  is  overlain  by  three  to  eight  feet  of  very 
coarse  gravel,  nearly  like  till.  This  rock  is  a  hard  and  compact, 
medium-grained  sandstone  of  light  buff  color,  nearlj'  lev^l  in  strati- 
fication. Its  beds  vary  from  one  inch  to  two  feet  in  thickness,  and 
in  some  portions  they  show  oblique  lamination,  which  is  inclined 
10°  to  15^  northward.  Quarrying  was  begun  here  in  1878,  since 
which  time  this  stone  has  been  largely  used  for  bridge-masonry.* 

This  rock  is  reported  to  occur  frequently  in  large  blocks,  and  per- 
haps has  low  outcrops  in  place,  along  the  north  branch  of  Grind- 
stone river,  and  about  Orindstone  lake.  Below  Hinckley  this  river 
has  cut  its  channel  about  fifty  feet  deep  in  drift  deposits,  and  no 
exposures  of  rock  in  place  were  found.  From  its  mouth  north 
along  Kettle  river,  the  sandstone  occurs  in  the  bluffs,  has  exten- 
sive exposures  where  the  old  Oovernment  road  crosses  Deer  creek, 
and  lorms  Pine  Island  rapids,  about  four  miles  south  of  the 
Lower  falls.  A  half  mile  to  one  mile  below  the  mouth  of  Grind- 
stone river,  ledges  of  sandstone,  nearly  level  in  beiding,  light 

*  UlaoiAl  8Ui«B,  seen  here  at  aeveral  places,  run  B.  and  S.  5°  W.,  by  the  true  meridian. 
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gray  in  color,  and  often  containing  fine  gravel  up  to  an  eighth 
or  a  fourth  of  an  inch  in  diameter,  occur  a  short  distance 
west  of  Kettle  river,  having  a  hight  20  to  40  feet  above  it.  On 
the  east  side  of  Kettle  river  here  and  probably  at  many  places 
through  several  miles  farther  southeast,  to  the  head  of  the  rapids 
which  reach  thence  to  its  mouth,  a  line  of  broken  sandstone 
blufi^s,  declining  southward  from  50  to  25  feet  in  hight^  is  found  a 
fourth  to  a  third  of  a  mile  from  the  riven 

The  next  observation  of  sandstone  southeastward  is  by  Owen, 
who  reports  it  on  the  southeast  side  of  the  St.  Croix  river  a  little 
below  the  head  of  the  Kettle  River  rapids.  It  is  red,  much  shat- 
tered, and  is  underlain  by  a  conglomerate.  Near  by  are  numerous 
outcrops  of  cupriferous  eruptive  rock.* 

Copper-bearing  trap.  My  examination  of  the  trappean  rocks  and 
their  beds  of  tutaceous  conglomerate,  includes  the  three  mile^  of 
Kettle  river  next  to  its  mouth,  and  also  two  ledges  seen  in  its  west 
bank  about  a  mile  below  the  mouth  of  Grindstone  river;  outcrops 
of  these  rocks  on  the  St.  Croix  below  Kettle  river  ;  and  their 
belt  crossed  by  the  Snake  river  in  the  three  miles  next  east  from 
Cheng  watana.  Numerous  other  outcrops  of  these  rocks  are  reported 
by  Owen  and  Shumard  along  the  upper  three  miles  of  the  Kettle 
River  rapids  of  St.  Croix  river,  and  on  Kettle  river  in  the  distance 
of  about  ten  miles  between  its  portions  here  described. 

In  northern  Michigan  this  trappean  formation  is  rich  in  copper, 
which  is  there  extensively  and  profitably  mined.  Its  continuation 
westward  in  northern  Wisconsin,  on  the  north  shore  of  lake  Su- 
perior, and  in  Pine  and  Chisago  counties,  contains  generally  traces 
of  copper  ores,  often  green  in  color,  most  abundant  in  seams  and 
veins  and  in  decomposing  portions  of  the  rock,  and  rarely  particles 
or  even  considerable  masses  of  native  copper  are  found  in  it; 
but  no  profitable  mining  has  been  yet  found  upon  its  areas  in 
Minnesota. 

The  most  northern  exposures  of  trap  on  the  Kettle  river  are  in 
T.  41,  R.  20.  The  ledges  seen  by  me  in  this  township  are  situated 
about  twelve  rods  apart,  in  the  southwest  bank,  a  mile  below 
Grindstone  river,  being  near  the  northeast  corner  of  section  27. 
The  southern  of  these  outcrops  is  about  seventy-five  feet  long  and 

*Eai»t  and  northeast  from  the  Kettle  River  rapids  on  the  St.  Croix,  no  outcrops  of  tlie 
bPd-rock  have  been  learned  of  in  Pine  oounty.  by  much  inquiry  addressed  to  surveyors 
and  lumbermen  who  are  familiar  with  this  p^rt  of  the  St.  Croix  and  with  its  tributaries. 
Bear.  .'^and.  Crooked  and  Tamarack  creeks.  The  region  oonsUts  chiefly  of  till,  risinsT 
by  gentle  slopes  to  bights  2.^  to  M)  feet  above  the  streams,  and  is  well-timbered  witb 
hanl  wood  and  much  red  and  white  pine. 
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rises  three  to  five  feet  above  the  river;  and  the  northern  has  about 
half  this  length  and  hight.  Both  are  trap,  somewhat  decomposed, 
of  dull  red  or  dark  rusty  color,  partly  amygdaloidal,  and  much  di- 
vided hy  irregular  joints  and  cracks  into  fragments  from  one  to 
twelve  inches  long. 

Kettle  river  from  the  east  line  of  T.  40,  R.  20,  to  its  mouth,  a 
distance  of  about  six  miles,  consists  of  a  succession  of  rapids,  alter- 
nating with  portions  that  have  a  gentle  current  My  notes  cover 
the  lower  half  of  this  extent,  beginning  at  the  elbow  where  the 
river  bends  from  a  south  to  an  east  course,  in  the  southern  part  of 
section  32,  T.  40,  R.  19.  At  this  bend  and  eastward  an  outcrop  of 
trap  extends  about  twenty-five  rods  in  the  southwest  bank,  rising 
perpendicularly  at  each  end  about  ten  feet  above  the  water,  but  in 
its  middle  portion  having  a  hight  of  only  two  or  three  feet.  Much 
of  this  rock  is  the  usual  dark  and  tough  trap;  it  is  minutely  pitted 
upon  weathered  surfaces;  and  is  often  divided  by  joints  into  rhom- 
bic masses  from  three  inches  to  two  feet  long.  Some  portions  are 
amygdaloidal,  holding  green  bunches  of  chlorite  and  epidote,  ap- 
parently because  of  decomposition  and  metamorphism.  Veins  of 
calcite  in  the  form  of  satin  spar,  from  a  sixteenth  of  an  inch  to  one 
inch  in  thickness,  and  sometimes  ten  feet  or  more  in  length,  occur 
in  many  of  the  joints,  vertical,  oblique  and  horizontal,  in  the  de- 
composing parts  of  these  ledges. 

About  a  half  mile  farther  east,  near  the  center  of  the  S.  W.  i  of 
the  S.  W.  i  of  section  33,  trap  is  exposed  in  the  northeast  bank  of 
the  river,  having  an  extent  of  a  few  rods  and  rising  about  five  feet 
above  low  water.  This  is  known  as  the  ^^copper  claim,^*  from  pros- 
pecting shafts  sunk  here  by  Mr.  N.  G.  D.  Taylor,  in  1865. 

Here  the  river  turns  south  and  holds  this  course  to  its  month. 
A  little  below  the  ^'copper  claim,'*  in  the  north  part  of  the  N. W.  i 
of  section  4,  T.  39,  R.  19,  its  east  shore  is  trap,  declining  in  hight 
from  ten  to  two  feet  along  its  extent  of  about  forty  rods  from  north 
to  south,  overlain  by  a  bluff  of  red  till,  25  to  30  feet  high. 

Next  this  rock  outcrops  at  many  places  on  the  west  shore  of  the 
river  along  a  distance  of  nearly  a  quarter  of  a  mile,  at  the  middle 
part  of  the  west  side  of  this  section  4.  It  rises  one  to  five  feet  above 
the  river.  Generally  it  is  somewhat  decomposed,  being  often 
o'litic  and  nodular,  with  frequent  green  stains.  Small  portions  of 
it  are  tufaceous  conglomerate.  It  is  much  divided  by  joints  from 
two  to  eighteen  inches  apart,  varying  in  inclination  from  45^  to 
vertical.  Their  most  conspicuous  system  of  parallel  planes  has  an 
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eftst-northeast  strike.  All  this  lower  part  of  Kettle  river  has  low 
shores  or  blufifs  only  25  to  40  feet  high,  and  the  adjoining  country 
is  moderately  undulating  drift. 

The  mouth  of  Kettle  river  is  divided  by  two  small  islands  into 
three  channels.  Opposite  to  its 'mouth  and  for  three  miles  above 
and  one  mile  below,  the  St.  Croix  river  is  turned  in  two  chan- 
nels, by  three  long  islands,  which  together  are  called  the  ^^Big 
island.*'  The  eastern,  large  channel  is  the  state  boundary;  and 
the  western  is  commonly  called  the  ^'slough.''  In  both  the  river 
has  a  strong  current,  with  numerous  rapids,  the  largest  fall  being 
two  or  three  feet  in  a  few  rods  at  a  reef  of  trap  which  crosses  both 
channels  near  the  middle  of  the  upper  island.  This  extent  of 
about  four  miles  on  the  St.  Croix  river  is  named  Kettle  River  rap- 
ids. The  highest  outcrops  of  trap  ia  this  distance  rise  only  10  to 
20  feet  above  the  water. 

Descending  the  Sg.  Croix  from  the  mouth  of  Kettle  river,  the 
first  rock  was  found  at  the  south  end  of  the  ^^  Big  island.'*  Here 
very  compact  and  hard,  dark  trap  has  an  extent  of  about  twelve 
rods  from  east  to  west  and  a  hight  of  five  feet. 

About  a  mile  farther  south,  near  the  south  line  of  section  20, 
trappean  rock,  nearly  like  the  last,  divided  by  joints  one  to  four 
feet  apart,  iorms  the  west  shore  of  the  river  for  ten  or  twelve  rods, 
reaching  five  to  ten  feet  above  the  water.  It  again  has  an  expo- 
sure of  similar  extent  in  the  same  bank  some  fifty  rods  farther 
southwest,  being  in  the  N.  W.  i  of  section  29,  T.  39,  R.  19,  about 
twenty-five  rods  below  the  north  end  of  the  "  Thousand  islands," 
where  another  ledge  of  this  rock  occurs. 

The  most  southern  outcrop  of  trap  on  this  part  of  the  St.  Croix 
is  found  on  the  Wisconsin  side  about  a  half  mile  south  from  the 
last..  Its  visible  length  is  only  about  ten  feet,  and  its  hight  six 
feet.  Forty  rods  farther  south,  opposite  to  the  last  of  the  ^^Thous- 
and  islands.'^  is  the  most  northern  point  on  the  St.  Croix  river  at 
which  I  observed  the  St.  Croix  sandstone,  which  thence  is  frequent- 
ly exposed  along  a  distance  of  nearly  twenty  miles  to  the  south. 

The  southwestward  continuation  of  this  area  of  copper-beariojg^ 
trap  is  found  on  the  Snake  river  at  Chengwatana  and  for  three 
miles  east.  Farther  southwest  the  bed-rocks  are  universally  con- 
cealed by  the  drift,  a^  also  along  this  river  above  to  its  sandstone 
outcrops  in  Kanabec  rountv*  Chengwatana  dam,  in  Snake  river 
at  the  mouth  of  Cross  lake,  is  built  on  ledges  of  trap  and  conglom* 
erate,  which  here  and  in  their  other  outcrops,  seen  at  several  places 
within  the  next  mile,  and  two  and  three  miles  below,  rise  five  to 
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fifteen  feet  abore  the  riyer.  Their  exposures  are  restricted  to  its 
channel  and  banks,  and  the  adjoining  region  is  gently  unduUting 
or  nearly  level  drift,  20  to  50  feet  higher.  The  greater  part  of  this 
belt  consists  of  dark,  hard  and  compact,  fine-grained,  tough  trap. 
Other  portions  sho^  yarious  shiges  of  deconiposion  and  metaroor- 
phism,  and  bear  amygdaloidal  masses  of  chlorite,  epidote,  and  other 
minerals,  and  veins  of  calcite. 

Search  for  copper  in  these  rocks  was  made  several  years  ago  by 
Mr.  Adolph  Munch,  about  three-fourths  of  a  mile  below  Gheng^a- 
tana,  by  several  shafts  of  little  depth,  upon  each  side  of  the  river 
and  in  its  channel.  During  1880  and  1881,  further  prospecting  for 
eopp^ir  was  entered  upon  by  the  Cbengwatana  Mining  Company,  rep- 
resented by  Mr.  J.  Bennett  Smith,  who  has  sunk  shafts  at  three 
points  on  the  north  side  of  the  river,  three-fourths  of  a  mile,  one 
mile,  and  one  and  a  half  miles  east  from  Cbengwatana.  The  first 
of  these  is  in  a  dark  red,  ochery  conglomerate,  which  contains 
many  water-worn  pebbles,  mostly  from  a  half  inch  to  two  inches 
in  diameter,  apparently  derived  from  the  trap,  but  altered  and  de- 
composed. Mr.  Smith  states  that  this  bed  of  conglomerate  in 
thirty  feet  thick,  with  strike  N.  15^  E.  and  dip  70®  S.  75®  E..  He 
reports  another,  bed  of  conglomerate,  very  coarse,  fifty  feet  thick^ 
a  half  mile  east  of  Cbengwatana,  and  a  third,  about  twenty-five 
feet  thick,  at  the  mouth  of  Cross  laki,  close  above  the  dam. 

At  the  time  of  my  observation  here,  October  17, 1881,  Mr.  Smith 
was  at  work  at  the  shaft  a  mile  east  of  Cbengwatana,  in  an 
amygdaloidal  bed,  fifty  feet  in  width,  dipping  70®  S.  75®  E.  This 
had  been  excavated  to  a  depth  of  45  feet,  below  which  farther  ex- 
ploration has  been  since  made  with  a  diamond  drill.  The  hanging 
wall  is  very  hard,  fine  grained  black  trap;  next  to  this  the  first 
five  or  six  feet  are  soft,  decomposed  amygdaloid,  holding  many 
chloritic  bunches,  from  a  quarter  of  an  inch  to  two  inches  in 
diameter;  the  central  and  lower  portions  are  somewhat  harder,  and 
contain  much  calcareous  spar  in  crystalline  masses  and  in  banded 
veins,  besides  a  large  variety  of  other  minerals ;  the  foot  wall 
is  compact  and  hard,  somewhat  amygdaloidal  trap.  All  these 
beds  of  conglomerate  and  amygdaloid  have  approximately  the 
same  strike  and  dip.  Prof,  T.  C.  Chamberlin  reports  the  strike  of 
these  strata  on  the  Snake  river  to  be  N.  10®  to  15*^  E.,  and  their 
dip  50®  to  60®  south  of  east.  The  formation  was  made  up  by  suc- 
cessive overflows  of  molten  rock,  which  cooled  to  form  hard,  finely 
crystalline  trap  beneath,  but  often  in   the  upper  part   became 
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scoriaceous  and  amygdaloidal;  and  between  these  eruptions,  daring 
intervals  of  repose,  layers  of  tafaceoas  conglomerate  sometimes 
were  accumulated. 

St  Croix  sandstone.  East  of  this  trappean  belt,  the  next  ex- 
posures of  rock  on  the  Snake  river  are  near  its  mo  uth .  Its  northeast 
bluff  in  the  S.  i  of  the  N.  E.  i  of  section  36,  T.  33,  R.  20,  about  a 
mile  above  its  junction  with  the  St.  Croix,  has  an  outcrop  of 
gray  and  white  sandstone,  which  extends  about  twenty  rods,  rising 
ten  to  fifteen  feet  above  the  river.  This  is  a  levelly  stratified, 
somewhat  friable  rock,  in  layers  from  three  inches  to  one  and  a 
half  feet  thick,  mostly  intersected  by  nearly  vertical  joints  two  to 
five  feet  apart.  It  was  quarried  a  few  years  ago  by  Mr.  T.  R.  Rice 
and  others  for  the  foundation  of  the  court  house  at  Grantsburgh, 
seven  miles  east  in  Burnett  county,  Wisconsin.  Two  or  three 
feet  above  the  line  of  low  water,  this  sandstone  includes  a  layer  of 
conglomorate,  one  foot  thick,  composed  of  gravel  and  pebbles  up 
to  an  inch  in  diameter,  mostly  white  quartz,  all  much  water-worn. 

Half  a  mile  farther  east,  where  the  river  turns  from  a  north  to 
an  east  course,  about  a  hundred  rods  above  its  mouth,  another  out- 
crop of  this  formation  was  seen  along  an  extent  of  about  fifty  feet  and 
to  a  hight  of  six  feet.  The  lowest  beds  here,  about  four  feet  in 
hight,  are  whitish  and  yellowish,  somewhat  pebbly  sandstone,  in 
la3'ers  from  a  quarter  of  an  inch  to  six  inches  thick;  in  part  rhom- 
boidally  divided  by  many  joints;  levelly  stratified  at  the  east,  but 
at  the  middle  of  the  exposure  dipping  1^  to  10^  southwesterly  and 
disappearing.  The  overlying  beds  are  soft,  finely  laminated  shales, 
red,  green  and  yellow.  Their  red  layers  are  from  an  inch  to  one 
and  a  half  feet  thick,  rarely  enclosing  yellow  laminae;  and  the  green 
vary  from  one  to  four  inches  in  thickness,  including  yellow  layers 
up  to  three-fourths  of  an  inch  thick. 

On  th^  St.  Croix  river  similar  beds  were  noted  in  its  southeast 
bank,  opposite  to  the  most  southern  of  the  ''Thousand  islands,** 
a  mile  above  the  mouth  of  Snake  river.  Here  whitish  and  slightly 
yellowish,  soft  sandstone  was  exposed  along  a  distance  of  forty 
feet,  and  to  a  hight  of  ten  feet  above  the  water,  in  the  base  of  a 
high  bluff.  It  is  bedded  in  horizontal  layers,  which  are  obliquely 
laminated,  and  vary  from  three  to  twelve  inches  in  thickness,  s')me* 
times  divided  by  layers  a  quarter  of  an  inch  to  one  inch  thick  of 
greenish  sand.  Under  this  sandstone,  the  three  feet  next  to  the 
water  consisted  of  soft  shales,  the  upper  one  and  a  half  to  two  ieefe 
being  dark  red,  finely  laminated,  with  occasional  thin  streaks  of 
green  or  yellow  ;  then,  about  a  foot  of  light  green  color,  with  lit- 
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tie  yellow  and  red,  underlain  at  the  water^s  edge  by  a  second  red 
stratum.  An  eighth  of  a  mile  farther  south,  this  eastern  bluff, 
about  94)  feet  high,  exposes  a  vertical  thickness  of  fifteen  feet  of 
nearly  white,  level  sandstone,  35  to  50  feet  above  the  riven 

A  quarter  of  a  mile  below  the  mouth  of  Snake  river,  this  sand- 
stone occurs,  thinly  covered  with  alluvium,  a  few  rods  north  of  Mr. 
T.  B.  Rice^s  house,  on  the  Wisconsin  side,  being  eight  or  ten  feet 
above  the  St.  Croix. 

The  Horse*race  rapids,  not  broken  by  boulders,  are  a  half  mile 
long,  lying  mostly  in  the  N.  E.  i  of  section  7,  T.  38,  R.  19.  The 
next  half  mile  of  the  St.  Croix,  two  to  two  and  a  half  miles  below 
Snake  river,  is  bordered  on  the  Wisconsin  side  by  perpendicular 
cliff:}  of  white,  coarse-grained,  soft  and  crumbling,  horizontally 
bedded  sandstone,  about  50  feet  high. 

CHISAGO  COUNTY. 

St  Croix  sandstone.  At  Baltimore  rapids,  on  the  St.  Croix  river 
a  little  below  the  northeast  corner  of  Chisago  county,  in  the  N.  E. 
i  of  section  4,  T.  37,  R.  20,  this  St.  Croix  sandstone  forms  a  bluff 
on  the  Minnesota  side,  50  feet  high  and  a  quarter  of  a  mile  long. 

In  the  southwest  quarter  of  this  section,  about  a  half  mile  below 
the  las^,  ledges  of  sandstone,  light  gray  in  color,  coarsegrained  and 
rarely  including  white  quartz  pebbles  up  to  three-fourths  of  an 
inch  in  diametef,  friable,  and  level  in  stratification,  occur  at  two  or 
three  points  within  an  eighth  of  a  mile  on  the  Wisconsin  side, 
rising  10  to  15  feet  above  the  river. 

An  eighth  of  a  mile  farther  southwest,  the  same  stone  rises  on  the 
Minnesota  side  in  a  vertical  and  overhanging  cliff  twenty  feet  high 
and  about  fifteen  rods  long,  known  as  the  "big  rock."  It  is  the 
\aski  prominent  ledge  seen  in  descending  the  St.  Croix  before  com- 
ing to  the  •  high  outcrops  of  trap  in  the  southeast  part  of  this 
county. 

Only  two  localities  of  rock-exposures  are  known  in  the  interven- 
ing distance  of  twenty-five  miles,  both  being  sandstone  with  the 
characters  already  described.  These  are  at  a  fall  of  about  ten  feet 
on  Rush  creek  a  half  mile  above  its  mouth,  and  at  Yellow  Pine 
rapids  in  the  St.  Croix,  on  the  east  side  of  section  18,  T.  36,  R.  20, 
where  low  ledges  of  this  stone  are  seen  in  its  channel  and  banks 
along  a  distance  of  nearly  a  mile. 
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This  sandstone  and  its  included  shales  are  exposed  at  many 
places  in  the  blufPs  of  the  St.  Croix  river  at  St.  Croix  Falls  and 
Taylor^s  Falls,  and  through  Franconia,  the  southeastern  township 
of  this  county.  In  strati tication  all  these  beds  are  nearly  horizon- 
tal and  show  no  indications  of  any  disturbance  or  metaniorphism 
^since  their  deposition.  They  reach  from  the  level  of  the  river  to 
hights  50  to  100  feet  above  it,  and  are  overlain  by  the  fl^lacial  drift. 
Where  they  lie  in  contact  with  the  steep,  vertical,  or  overhanging 
sides  of  the  trap  rocks  which  here  form  the  Dalles  of  the  St.  Croix, 
they  are  often  changed  to  conglomerate,  containing  many  frag- 
ments that  fell  from  these  clifis,  which  had  already  been  deeply 
eroded  before  the  »jt.  Croix  sandstone  and  shales  were  deposited. 
These  sediments  contain  multitudes  of  shells  of  Lingula  and  Orbkula 
species,  and  trilobites  occur  rarely;  but  no  fossils  have  been  found 
in  any  of  the  strata  which  lie  farther  north,  described  in  the  fore- 
going pages. 

At  St.  Croix  Falls,  in  Wisconsin,  fossiliferous  shales,  mostly 
gray,  but  in  some  beds  green,  often  bearing  films  of  iron  rust  in 
their  crevices  and  joints,  and  including  thin  layers  of  sandstone, 
are  seen  from  the  river^s  shore  to  a  hight  of  50  feet.  These  shales 
also  form  the  Minnesota  bank  of  the  river,  about  30  ftet  high, 
between  twenty  and  forty  rods  north  of  the  Taylor's  Falls  bridge. 

In  the  two  miles  between  the  Upper  and  Lower  Dalles,  the  for- 
mation is  a  whitish  or  yellowish  gray,  soft,  often  friable,  sandstone, 
exposed  in  the  blufifs  west  of  the  St.  Croix  to  the  hight  of  about 
100  feet.  Near  Taylor's  Falls  it  has  been  somewhat  quarried  for 
use  as  a  building  stone. 

At  FranconiR,  close  below  the  Lower  Dalles,  it  reaches  in  the 
bluff  of  Lawrence  creek  at  Paul  Munch's  mill  to  a  hight  of  about 
70  feet  above  the  creek  or  90  feet  above  the  St.  Croix.  Its  upper 
40  feet  are  a  gray,  thick-bedded  sandstone,  which  is  rather  friable, 
but  hardens  after  quarrying;  it  supplied  the  stone  of  which  this  mill 
was  built,  fifteen  years  ago.  The  next  12  feet  are  finely  laminated, 
slightly  sandy  shale,  soft,  but  hardening  by  exposure,  green  and 
iron-rusted,  superficially  ash-colored;  and  the  20  feet  at  the  base  are 
dark-greenish  sandstone,  soft  and  incoherent  at  the  weathered  sur- 
face. 

The  ravine  of  Lawrence  creek  for  a  half  mile  above  this  mill  is  en- 
closed by  cliffs  of  this  sandstone,  mostly  like  the  upper  part  of  the 
foregoing  section,  rising  50  to  75  feet  above  the  creek,  and  in  their 
highest  portion  about  125  feet  above  the  St.  Croix.  Myriads  of  Lin-- 
gulce^  difficult  for  preservation,  excepting  as  fragments,  because  of 
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the  crambling  character  of  the  stone,  occar  in  these  beds  on  each  side 
of  the  creek,  an  eighth  to  a  fourth  of  a  mile  north  from  the  mill ,  at 
about  the  hight  of  the  flame.  The  dip  here  is  one  to  one  and  a  half 
feet  in  a  hundred,  or  about  three-fourths  of  a  degree,  southward. 

Travertine,  a  limestone  deposited  from  the  water  of  springs, 
occurs  in  large  deposits  on  the  face  of  the  bluffs  of  this  sandstone, 
and  has  been  extensively  burned  for  lime,  a  quarter  to  a  bilf  of  a 
mile  south  of  Munch's  mill  in  Franconia,  and  near  Oiceola,  a  few 
miles  farther  south  on  the  Wisconsin  side.  At  the  latter  place, 
nearly  opposite  to  the  southeast  corner  of  Chisago  county,  the  St. 
Croix  sandstone  is  thinly  capped  by  the  Lower  Maguesian  lime- 
stone, which  thence  southward  overhes  this  formation  along  the 
St.  Croix  and  Mississippi  rivers. 

Copper 'bearing  trap.  The  remarkable  outcrops  of  trappean 
rock^  forming  the  picturesque  and  grand  Dalles  of  the  St.  Croix, 
are  more  than  thirty  miles  soutli  of  the  areas  of  these  rocks  in 
Pine  county.  About  a  mile  above  Taylor's  Falls  and  close  above 
St.  Croix  Falls,  trap  occurs  in  the  channel  and  on  both  sides  of  the 
river,  its  highest  portions  having  an  elevation  of  50  feet.  At  Tay- 
lor's Falls  the  St.  Croix  enters  its  Upper  Dalles,  where  for  three- 
fourths  of  a  mile  it  is  walled  on  both  sides  by  bold,  often  vertical, 
ragged  cliffs,  75  to  150  feet  high,  of  tough,  nearly  black,  massive 
trap.  This  gorge  and  the  similar  one  of  the  Lower  Dalles,  about 
a  quarter  of  a  mile  long,  close  above  Franconia,  have  been  cut  in 
this  rock  by  the  river,  the  excavation  being  aided  by  nearly  verti- 
cal joints.  At  Taylor's  Falls  landing  these  bear  N  .60""  E.  and  N. 
45"  W. 

East  .of  the  road  to  this  landing,  the  ledges  of  very  hard  trap, 
25  to  60  feet  above  the  river,  are  surprisingly  water-worn,  with 
many  pot-holes  of  all  sizes  from  those  only  one  and  a  half  feet  in 
diameter  and  six  foet  or  more  in  depth,  almost  perfectly  cylindri- 
cal, to  the  caldron,  situated  six  rods  northeast  of  the  landing, 
twenty  feet  in  diameter,  circular,  and  ten  feet  deep  with  perpeu- 
dicular  sides  to  the  surface  of  the  water  which  partly  fills  it.  Into 
one  of  these  wells,  eight  feet  in  diameter,  a  pole  has  been  thrust 
down  thirty  feet. 

The  origin  of  this  formation,  as  in  Pine  county  and  in  the  lake 
Superior  region,  appears  to  have  been  by  overflows  of  molten  rock 
poured  out  from  fissures  of  the  earth's  crust;  but  only  inconsidera- 
ble portions  of  the  beds  exposed  here  are  amygdaloidal,  and  this 
structure  is  rarely  seen  to  be  characteristic  of  distinct  layers.  A 
general  system  of  jointage  planes,  which  is  quite  noticeable  in 
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these  outcrops,  dipping  about  16^  W.  by  S.  is  regarded  by  Profes- 
sor Chamberlin  as  parallel  with  the  planes  of  bedding  of  the  trap- 
pean  o  vet  flows,  at  first  nearly  level,  but  subsequently  disturbed 
and  tilted.  He  further  remarks  that  these  rocks  and  those  of 
Pine  county  are  bent  in  a  synclinal,  like  their  broader  continua- 
tion northward,  which  forms  the  depression  of  lake  Superior ;  and 
that  this  continuously  synclinal  belt  is  slightly  curved  npwardt 
saddle-like,  between  the  lake  and  its  southern  extremity  in  the 
St.  Croix  basin. 

A  band  of  conglomerate,  the  only  one  observed  in  the  exposures 
of  trap  in  this  region  of  the  Dalles,  is  reported  by  Mr.  D.  A.  Can- 
eday,  in  a  ravine  on  the  Minnesota  side,  nearly  a  mile  southwest 
from  the  bridge;  being  a  layer  eight  feet  thick,  dipping  15*^  west- 
erly, overlain  and  underlain  by  trap,  which  is  dark  above  and  red- 
dish beneath. 

Exploration  for  copper  and  silver  has  been  made  in  the  trap 
formation  at  Taylor^s  Falls  by  three  shafts.  A  short  distance  east 
of  the  Lutheran  church  on  the  road  to  Franconii,  Mr.  N.  C.  D. 
Taylor  went  to  a  depth  of  43  feet,  finding  films  and  small  masses 
ot  native  copper.  This  is  near  the  highest  part  of  these  trappean 
ledges,  about  200  feet  above  the  river,  and  50  below  the  average 
bight  of  the  rolling  drift  which  universally  covers  the  bed-rocks 
from  the  top  of  this  river-bluff  w<>stward.  The  two  other  shafts 
were  sunk  by  the  Taylor's  Falls  Mining  Company,  one  being  near 
the  river,  and  the  other  about  75  feet  above  it,  on  Ravine  street 
The  last  was  worked  in  1874  and  1875,  and  reached  a  depth  of  120 
feet,  following  a  vein  eight  to  ten  feet  wide,  which  dipped  to  the 
west  about  85®,  or  ten  feet  away  from  a  plumb-line.  This  vein 
contained  ores  of  both  copper  and  silver.  An  apparently  metalli- 
ferous vein,  four  feef  wide,  with  strike  nearly  from  north  to  south, 
is  seen  on  the  surface  about  half-way  between  this  and  Mr.  Tay- 
lor's shaft.  Another,  eighteen  inches  in  thickness,  dipping  12®  W. 
S.  W.,  is  described  by  Mr.  Caneday,  near  the  foot  of  the  Upper 
Dalles,  at  a  little  hight  above  the  river;  the  four  inches  next  to  the 
hanginio:  wall  being  bornite,  a  sulphuret  of  copper  and  iron,  with 
about  a  foot  of  white  quartz  and  a  thin  earthy  layer  below. 
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LAKE  AGASSIZ :     A  CHAPTER  IN  GLACIAL  GEOLOGT. 


TBead  before  the  MioDesota  Academy  of  Natural  Sciences*  Jan.  6tb,  1882.] 


BY  WABRBN  UPHAM. 


In  the  last  of  the  geologic  ages  a  very  cold  climate  covered  the 
north  part  of  our  continent  with  ice.  Every  year  the  snowfall  was 
greater  than  could  be  melted  away  in  sunimei;  and  its  depth  grad- 
ually increased  till  its  lower  portion  was  changed  to  compact  ice 
by  the  pressure  of  its  weight.  This  pressure  also  caused  the  vast 
sheet  of  ice  to  move  slowly  outward  from  the  region  of  its  greatest 
thickness  toward  its  margin.  Our  reasons  for  believing  that  there 
has  been  such  a  wonderful  gla^^ial  period,  are  abundant  and  must 
convince  anyone  who  gives  attention  to  them. 

The  surface  of  the  bed-rock  at  the  quarries  in  this  city  [  Minne- 
apolis], on  Nicollet  island  and  beside  the  Mississippi  farther  east, 
bears  tine  scratches  and  markings,  called  stricB^  like  those  which 
are  found  beneath  the  glaciers  of  the  Alps.  Only  one  cause  is 
known  which  can  produce  markings  like  these,  and  this  is  the  rasp- 
ing of  stones  and  boulders  frozen  in  the  bottom  of  a  moving  mass 
of  ice,  accumulated  upon  the  land  in  a  solid  sheet  of  great  extent 
and  depth.  As  these  stri®  are  found  upon  the  rocky  surface  of 
British  America  and  of  the  northern  United  States  to  a  southern 
limit  that  coincides  approximately  with  tbe  course  of  the  Ohio  and 
Missouri  rivers,  we  must  conclude  that  an  ice-sheet  has  covered 
these  regions. 
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The  superficial  material  thafc  overlies  the  bed-rock  within  this 
northern  glaciated  area  has  everywhere  been  ploughed  up  and 
worked  over  by  the  slowly  moving  ice-sheet,  and  at  its  disappear- 
ance was  left  in  a  deposit  of  clay,  sand,  gravel  and  boulders,  mixed 
in  one  confused  mass,  which  is  called  till.  Except  in  the  valleys, 
as  of  the  Mississippi  at  Min-ieapolis,  where  streams  have  assorted 
these  materials  and  spread  them  in  layers,  the  till  forms  the  Surface 
of  nearly  all  of  Minnesota,  its  thickness  being  from  50  to  250  feet. 
It  is  the  stony  and  gravelly  clay,  in  which  cellars  and  well  are  dug; 
and  it  forms  a  sheet  of  such  great  extent  and  thickness  that  about 
half  of  the  counties  of  western  Minnesota  contain  no  exposures 
of  the  underlying  older  rocks.  •     • 

The  thickness  of  the  ice-sheet  was  so  great  that  its  striae  and 
transported  drift  are  found  on  the  top  of  mount  Eatahdin,  of  the 
White  mountains,  and  the  Adirondacks  ;  and  over  northern  Min- 
nesota it  was  probably  of  equal  depth,  or  about  a  mile  thick.  By' 
the  direction  in  which  the  boulders  have  been  carried  from  their 
original  ledges,  and  by  the  courses  of  the  glacial  markings,  we 
know  that  the  ice  moved  in  general  from  north  to  south.  In  New 
England  its  current  was  southeastward,  and  the  border  of  the  ice- 
sheet  was  pushed  into  the  Atlantic  to  the  fishing  i)anks  south  of 
Newfoundland  and  east  of  cape  Cod.  Over  Canada  and  the  region 
of  the  great  lakes,  the  ice-flow  was  southwestward.  A  glacial 
current  moving  in  this  direction  has  spread  upon  eastern  Minnesota 
a  red  till,  thus  colored  by  the  hematite,  or  anhydrous  sesquioxide 
of  iron,  contained  in  the  red  quartzyte,  sandstone  and  shales  of 
lake  Superior,  which  were  eroded  by  this  ice-sheet.  In  western 
Minnesota  the  ice  flowed  southward  from  lake  Winnipeg  to  Big 
Stone  lake  and  thence  southeast  into  northern  Iowa,  spreading  a 
blue  till,  with  many  boulders  of  limestone. 

Terminal  moraines^  or  hills,  knolls  and  ridges  of  drift  heaped  at 
the  border  of  the  ice-sheet,  are  found  stretching  in  a  remarkably 
curved  and  looped  course  across  Wisconsin,  Minnesota,  Iowa  and 
Dakota.  The  line  of  this  formation  in  Minnesota  reaches  from 
Stillwater  and  Saint  Paul  northwest  to  the  vicinity  of  Saint  Cloud 
and  to  the  Leaf  hills,  this  part  being  at  the  limit  of  the  ice*cur- 
rent  which  came  from  lake  Superior ;  then  from  the  Leaf  hills 
south  by  Glenwood,  lake  Minnetonka,  and  Albert  Lea,  into  Iowa 
to  the  vicinity  of  Des  Moines,  this  part  bain^  push-ed  out  at  the 
east  side  of  an  extensive  lobe  of  the  ice-sheet,  whose  central  cur- 
rent went  south  and  southeast;  then,  on  the  west  side  of  the 
same  glacial  lobe,  its  terminal  moraine  has  been  traced  from  cen- 
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tral  Iowa  northward  by  Spirit  lake  and  lake  Benton  to  the  Head 
of  the  Coteau  des  Prairies,  twenty  miles  west  of  lake  Trarerse. 
This  moraine  was  formed  at  the  margin  of  the  areas  that  were 
overspread  by  the  ice  of  our  last  severely  cold  epoch* 

At  some  earlier  time  of  the  same  great  glacial  period,  the  ioe- 
covered  area  extended  much  farther  south,  to  northeastern  Kansas, 
into  Missouri  to  Saint  Louis,  and  to  southern  Illinois,  Indiana  and 
Ohio.  Within  this  area  and  entirely  surrounded  by  the  ice-sheet, 
a  district  about  150  miles  long  from  north  to  south  and  100  miles 
wide,  lying  in  southwestern  Wisconsin  and  adjoining  parts  of  Illi- 
nois, Iowa  and  southeastern  Minnesota,  was  singularly  exempted 
from  glaciation.  The^  picturesque  bluffs  of  rock  along  the  Missis* 
sippi  from  lake  Pepin  to  La  Crosse  and  southward,  often  standing 
out  isolated  and  alone  like  the  ruius  of  turreted  castles,  are  in  the 
region  which  has  no  till  and  has  not  been  planed  and  smoothed  by 
the  ice-sheet. 

The  end  of  the  glacial  period  was  brought  by  the  genial  influ- 
ence of  a  milder  climate  when  the  surface  of  tht  ice-sheet  was 
melted  faster  than  it  was  replenished  by  the  snowfall.  Its  depth 
and  extent  could  no  longer  increase,  but  were  thenceforth  gradually 
diminished.  While  the  ice  had  been  growing  deeper  and  much  of 
the  snow  that  fell  each  year  remained  unraelted,  its  surface  was 
probably  as  smooth  and  nearly  level  as  our  most  uniform  and  mo- 
notonous tracts  of  prairie  ;  and  its  vast  area  was  one  white  expanse, 
unflecked  by  pebbles,  earth  or  even  dust,  excepting  close  to  the 
border  where  its  progress  was  stayed  by  melting  and  the  drift 
which  had  been  gathered  into  the  ice-mass  became  exposed  on 
its  surface  and  was  carried  forward  and  heaped  at  its  margin. 

At  the  departure  of  the  ice,  the  scene  was  changed.  Its  surface 
upon  large  areas,  reaching  probably  two  or  three  hundred 
miles  from  its  edge,  was  hollowed  into  basins  of  drainage  and 
channeled  by  streams  which  flowed  between  walls  of  ice.  The 
boulders,  gravel,  sand  and  clay  mingled  in  the  ice,  mostly  in  its 
lower  portion,  were  exposed  by  this  melting,  so  that  at  length, 
when  only  a  small  thickness  of  the  ice  was  left,  its  surface  must 
have  been  covered  by  the  drift  which  it  had  contained. 

The  portion  of  North  America  which  was  overspread  by  the  ice- 
sheet,  and  from  which  it  disappeared  in  this  way,  was  of  great  ex- 
tent, reachins:  from  the  north  part  of  the  United  States  to  the  Arc- 
tic ocean,  and  from  New  England  to  Dakota  and  westward  in 
British  America  to  the  Pacific.  The  melting  and  recession  of  this 
ice  began  at  its  southern  border  and  slowly  proceeded  northward. 
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Wherever  there  was  free  drainage  away  from  the  ice-sheet,  a  large 
part  of  the  materials  of  the  drift  which  had  been  gathered 
up  into  it  fell  in  a  comparatiyely  loose,  nnstratified  mass,  forming 
the  upper  part  of  the  till  with  its  moderately  undulating  surface, 
and  covering  the  land  upon  which  the  ice  had  lain,  whether 
this  was  bed-rock,  a  ground-moraine,  or  till  formed  in  an  earlier 
glacial  epoch. 

Other  parts  of  the  drift  held  in  the  ice  were  washed  away  by  its 
streams  and  deposited  as  Modified  drifts  forming  layers  of  gravel, 
sand,  and  fine  silt,  in  the  valleys  along  which  the  flood  supplied  by 
its  melting  descended  toward  the  ocean.  The  his^h  water  of  the 
rivers,  like  that  which  now  occurs  for  a  few  days  in  the  freshets  of 
spring,  was  then  maintained  through  the  entire  summer,  and  this 
was  repeated  yearly  till  the  glacial  sheet  had  retreated  beyond 
their  lines  of  watershed.  The  abundant  supply  of  sediment  through 
this  time  gradually  lilted  these  floods  upon  the  surface  of  thick 
and  wide  plains,  sloping  with  the  valleys. 

After  the  departure  of  the  ice,  the  supply  of  both  water  and  sedi- 
ment was  so  diminished  that  the  streams  could  no  longer  over- 
spread these  flood-plains,  and  add  to  their  depth,  but  were  thence- 
forth occupied  mainly  in  slow  excavation  and  removal  of  these  de- 
posits, leaving  remnants  of  them  as  plains  or  terraces,  sometimes 
100  to  200  feet,  or  more,  above  their  present  channel.  The  con- 
spicuous bluffs  of  loess  bordering  the  Missouri  river  were  formed  in 
this  way.  Along  the  Mississippi  the  flood-plain  of  modified  drift 
at  Brainerd  and  Saint  Cloud  has  a  hifi^ht  about  60  feet  above  the 
river  ;  at  Clearwater  and  Monticello,  70  to  80  feet  ;  at  Dayton,  45 
feet;  and  at  Minneapolis,  25  to  30  feet  above  the  river  at  the  head 
of  St.  Anthony's  falls. 

This  review  of  the  condition  of  Minnesota  during  the  glacial 
period  prepares  us  to  understand  how  the  glacial  Lake  Agassiz  was 
formed  in  the  basin  of  the  fled  river  of  the  North  and  of  lake  Win- 
nipeg during  the  final  melting  and  gradual  recession  of  the  ice- 
sheet.  It  thus  belongs  to  the  closing  epoch  of  the  ice  age,  when 
the  continental  glacier,  subdued  by  a  more  temperate  climate,  was 
yielding  its  ground  between  northwestern  Minnesota  and  Hudson 
bay.  During  this  retreat  free  drainage  front  the  melting  ice  could 
not  take  place,  because  the  descent  of  the  land  is  northward.  As 
soon  as  the  border  of  the  ice  had  receded  beyond  the  watershed 
dividing  the  basin  of  the  Minnesota  fix)m  that  of  the  Red  river,  it  is 
evident  that  a  lake,  fed  by  the  glacial  melting,  stood  at  the  foot 
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of  the  ice-fields,  and  extended  northward  as  they  withdrew  along 
the  valley  of  the  Red  river  to  lake  Winnipeg,  filling  this  valley  and 
its  branches  to  the  hight  of  the  lowest  point  over  which  an  outlet 
could  be  found.  Until  the  ice-barrier  was  melted  upon  the  area 
now  crossed  by  the  Nelson  river,  thereby  draining  this  glacial  lake, 
its  outlet  was  along  the  present  course  of  the  Minnesota  river.  At 
first  its  overflow  v/as  upon  the  nearly  level,  gently  undulating 
surface  of  the  drift,  about  1100  feet  above  the  sea,  at  the  west  side 
of  Traverse  and  Big  Stone  counties  ;  but  in  process  of  time  this  cut 
a  channel  here  125  to  150  feet  deep,  and  from  one  to  two  miles 
wide,  in  which  lie  Traverse  and  Big  Stone  lakes,  respectively  970 
and  962  feet  above  the  sea.  From  this  outlet  the  Red  river  valKy, 
80  to  50  miles  wide,  stretches  315  miles  north  to  lake  Winnipeg 
which  is  7i0  feet  above  the  sea.  Along  this  entire  distance  there 
is  a  very  uniform  continuous  descent  of  a  little  less  than  one  loot 
per  mile.  The  drift  contained  in  the  ice-sheet  upon  this  area,  and 
the  silt  gathered  by  its  glacial  rivers,  were  here  deposited  in  a  lake, 
shallow  near  its  mouth,  but  becoming  gradually  deeper  northward. 
Beyond  our  national  boundary  this  lake  covered  a  large  area, 
varying  from  100  to  200  miles  in  breadth  at  and  west  of  lake  Win- 
nipeg ;  and  its  total  length  appears  to  have  been  at  least  600  miles. 
Because  of  its  relation  to  the  retreating  continental  ice-sheet,  this 
lake  has  been  named  in  memory  of  professor  Louis  Agassiz,  the 
first  prominent  advocate  of  the  theory  that  the  drift  was  produced 
by  land- ice. 

Under  the  direction  of  professor  Winchell,  the  state  geologist, 
it  was  a  part  of  my  work  last  summer  to  trace  the  course,  and  de- 
termine the  hight,  of  the  shore-line  of  this  ancient  lake.  This  was 
done  in  July  and  August,  the  only  months  of  the  past  season  which 
bad  sufficiently  dry  weather  for  entirely  satisfactory  progress  in 
such  exploration.  Horace  Y.  Winchell  was  my  efficient  assistant 
as  rod-man  in  the  work  of  leveling,  by  which  the  hight  of  the 
upper  beach  was  ascertained  along  its  whole  extent  examined. 
This  was  abont  175  miles,  following  the  course  of  the  old  shore, 
extending  from  lake  Traverse  to  the  north  side  of  Maple  lake, 
twenty  miles  east  of  Crookston.  The  distance  that  it  includes  from 
north  to  south  is  142  miles. 

BEACHES  OF  LAKE  AQA8SIZ. 
[For  a  map  of  these,  see  fig.  8,  plate  I .]  ^ 

The  upper  or  Herman  beach.  Along  nearly  the  whole  of  this 
distance  there  exists  a  remarkable  deposit  of  beach  gravel  and  sand. 
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forming  a  continuous,  smoothly  rounded  ridge,  such  as  is  found 
alon!^  any  part  of  the  shores  of  the  ocean  or  of  our  great  lakes 
where  the  land  sinks  in  a  gently  descending  slope  beneath  the 
water-level.  Usually  the  beach  of  lake  Agassiz  is  a  ridge  three 
to  ten  feet  above  the  land  next  to  it  on  the  side  that  was  away 
from  the  lake,  and  ten  to  twenty  feet  above  the  land  adjoining  it 
on  the  side  where  the  lake  lay.  In  breadth  this  beach-ridge  varies 
from  ten  to  twenty-five  or  thirty  rods.  It  is  thus  a  broad  wave- 
like swell,  with  a  smooth,  gracefully  rounded  surface. 

Sach  being  a  section  across  the  beach,  remember  that  this  ridge 
extends  along  the  whole  distance  that  we  have  explored,  with  only 
here  and  there  gaps  where  it  has  been  cut  through  by  streams  and 
rare  intervals  of  a  quarter  or  a  half  mile  or  at  the  longest  two  or 
three  miles  where  the  outline  of  the  lake  shore,  or  the  direction  of 
the  shore-currents,  prevented  such  accumulation.  We  find  similar 
interruptions  in  the  beaches  of  present  lakes  and  on  the  sea-coast; 
and  like  these  modern  deposits  the  beach  of  lake  Agassiz  varies  con- 
siderably in  its  size,  having  in  any  distance  of  five  miles  some  por- 
tions five  or  ten  feet  higher  than  others,  due  to  the  unequal  power 
of  waves  and  currents  at  these  parts  of  the  sho<-e.  The  moderate 
slope  of  the  land  toward  lake  Agassiz  was  favorable  for  the  forma- 
tion of  a  beach-ridge,  and  it  has  been  clearly  traced  as  one  continu- 
ous formation  along  this  distance  of  175  miles.  In  calling  it  con- 
tinuous, we  mean  that  whenever  it  is  interrupted  it  is  found  a  little 
distance  farther  along,  beginning  again  at  very  closely  the  same 
hight. 

The  gaps  where  the  beach  is  not  a  distinctly  traceable  ridge-like 
deposit  of  gravel  and  sand,  cannot  exceed  one-twentieth  of  its 
whole  course.  In  a  few  places  the  lake  has  undermined  its  shore, 
forming  a  terrace  in  the  till,  with  no  definite  beach-deposit,  the 
work  of  the  waves  having  been  to  erode  and  carry  away  rather  than 
to  accumulate.  In  other  places,  sometimes  two  or  three  miles  in 
length,  the  area  where  this  ancient  lake  had  its  margin  is  a  marsh 
or  shaking  bog,  full  of  spring  water,  and  rough  with  hummocks 
of  grass,  which  grows  luxuriantly,  but  is  safe  from  the  hay -makers 
because  teams  cannot  be  driven  upon  these  tracts. 

Nearly  everywhere  along  the  course  of  this  beach  of  lake  Agassiz 
the  land  upon  each  side  is  till,  or  unstratified  clay,  containing 
some  intermixture  of  sand  and  gravel  and  occasional  stones  and 
boulders.  The  material  of  the  beach-ridge  is  remarkably  in  con- 
titst  with  this  adjoining  and  underlying  till,  for  it  includes  no 
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clay  but  consists  of  stratified  sand  and  gravel,  the  largest  pebbles 
being  usually  from  two  or  three  to  six  inches  in  diameter. 

When  lake  Agassiz  stood  at  its  greatest  hight  and  formed  the 
upper  beach,  its  outlet  was  about  85  feet  above  the  present  surface 
of  lake  Traverse,  or  1055  feet  above  the  sea.  The  channel  which  at 
this  time  had  been  excavated  in  the  drift  by  its  outflow  was  30  to 
40  feet  deep  along  the  distance  of  about  fifty  miles  where  low  are 
lake  Traverse,  Brown^s  valley,  and  Big  Stone  lake.  This  beach  is 
crossed  by  the  Breckenridge  line  of  the  Saint  Paul,  Minneapolis 
&  Manitoba  railway  at  a  point  about  one  and  a  half  miles  north- 
west from  Herman. 

The  NorcroHb  beach.  Two  lower  beaches,  of  the  same  character 
as  to  form,  size,  and  material,  with  the  highest,  were  also  noted; 
their  course  was  traced  through  long  distances;  and  their  hight 
was  determined  by  our  leveling.  At  the  next  epoch,  after  that  of 
the  upper  or  Herman  beach,  when  the  lake-level  was  again  nearly 
stationary  long  enough  to  form  a  ridge  of  gravel  and  sand  upon 
its  shore,  the  outlet  had  been  eroded  about  30  feet  deeper  than  at 
the  time  of  the  upper  beach,  but  was  still  55  feet  above  the  present 
lake  Traverse  and  Brown's  valley.  The  beach  of  lake  Agassiz 
when  it  had  this  lower  level  is  crossed  by  the  Breckenridge  railway 
line  at  Norcross,  five  miles  northwest  of  Herman.  This  is  accord- 
ingly named  the  Norcross  beach.  Its  course  and  hight  have  been 
determined  through  an  extent  of  a  hundred  and  fifty  miles  from 
Korcross  northward  to  a  point  twenty-five  miles  north  of  Maple 
lake  and  ten  niile5(  beyond  Red  Lake  Falls. 

The  Campbell  beach.  A  third  series  of  beach-deposits  of  similar 
extent  and  conspicoous  development  with  the  foregoing,  was  formed 
when  the  outlet  of  lake  Agassiz  had  been  lowered  some  50  feet 
more,  completing  the  excavation  of  its  channel  to  the  present  beds 
of  Traverse  and  Big  Stone  lakes.  The  beach  of  this  third  stage  of 
lake  Agassiz  crosses  the  township  of  Campbell  in  southern  Wilkin 
county  from  southwest  to  northeast,  and  hence  it  is  denominated 
the  Campbell  beach.  The  course  of  this  formation  through  Wilkin 
and  Clay  counties  has  been  noted  at  a  few  places,  and  is  thus 
known  approximately.  Through  its  next  one  hundred  miles,  from 
the  Wild  Rice  river  to  the  Tamarack  river,  it  has  been  traced  con- 
tinuously. For  forty  miles  next  beyond  Red  Lake  river  the  old 
Pembina  trail  lies  most  of  the  way  upon  this  beach.  It  has  been 
explored  to  the  north  line  of  Marshall  county,  sixty  miles  beyond 
Maple  lake. 
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Three  distinct  series  of  beach -rid^^es  of  gravel  aad  sand  were  thas 
formed  by  lake  Agassiz  at  successive  stages  of  bight  daring  its  pro- 
cess of  deepening  the  channel  by  wbich  it  outflowed  southward. 

THE  BED  RIVEB  VALLEY. 

The  central  part  of  tbe  basin  of  lake  Agassiz,  within  the  limits 
of  Minnesota  and  Dakota,  now  drained  by  the  Red  river,  has  an 
exceedingly  flat  surface,  sloping  imperceptibly  northward,  as  also 
from  each  side  to  its  central  line.  The  Red  river  has  its  course 
along  the  axial  depression,  where  it  has  cut  a  channel  20  to  CO  feet 
deep.  It  is  bordered  by  only  few  and  narrow  areas  of  bottomland, 
instead  of  which  its  banks  usually  rise  steeply  on  one  side  and  by 
moderate  slopes  on  the  other,  to  the  lacustrine  plain  which  thence 
reaches  nearly  level  ten  to  twenty-five  miles  from  the  river.  Its 
tributaries  cross  the  plain  in  similar  channels,  which,  as  also  the 
Red  river,  have  occasional  gullies  connected  with  them,  dry  through 
the  most  of  the  year,  varying  from  a  few  hundred  feet  to  a  mile  or 
more  in  length.  Between  the  drainage  lines,  areas  often  five  to 
fifteen  miles  wide  remain  unmarked  by  any  water-courses.  The 
highest  portions  of  these  tracts  are  commonly  from  two  to  five  feet 
above  the  lowest. 

This  vast  plain,  twenty-five  to  fifty  miles  wide,  lying  half  in  Min- 
nesota and  half  in  Dakota,  and  stretching  from  lake  Traverse  and 
Breckenridge  north  to  Winnipeg,  is  the  widely  famed  Bed  river 
valley.  The  material  of  the  lower  part  of  this  ancient  lake-bed 
shown  in  the  banks  of  the  Red  river  and  reaching  several  miles 
from  it,  is  fine  clayey  silt,  horizontally  stratified  ;  but  at  its  south 
end,  in  Traverse  county  and  the  south  half  of  Wilkin  county, 
and  upon  large  areas  of  each  side  of  this  plain,  it  is  mainly  unstrat- 
ified  boulderclay,  which  differs  from  the  rolling  or  undulating  till 
of  the  adjoining  region  only  in  having  its  surface  nearly  flat.  Both 
these  formations  are  almost  impervious  to  water,  which  therefore 
in  the  rainy  season  fills  their  shallow  depressions,  but  none  of  these 
are  so  deep  as  to  form  permanent  lakes.  Even  sloughs  which  con- 
tinue marshy  through  the  summer  are  infrequent,  but,  where  they 
do  occur,  cover  large  areas,  usually  several  miles  in  extent. 

On  all  the  area  drained  by  the  Red  river  in  Minnesota  the  gla- 
cial drift  is  so  thick  that  no  exposures  of  the  underlying  rocks 
have  been  found.  The  depth  of  the  drift  here  is  nearly  the  same 
as  its  average  throughout  the  western  half  of  the  state,  or  from 
100  to  250  feet.    The  prominent  topographic  features  of  all  this 
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region  are  doubtless  dae  to  the  form  of  the  underlying  rock- 
surface,  upon  which  the  drift  is  spread  in  a  sheet  of  somewhat  uni- 
form thickness. 

Erosion,  before  the  ice  age,  had  sculptured  the  rocks  which  are 
everywhere  buried  and  concealed  under  this  universal  drift-sheet, 
and  had  formed  the  broad  nearly  level  depression  of  the  Red  river 
valley,  which  is  1000  to  800  feet,  from  south  to  north,  above  the  sea. 
Slopes  and  terraces  of  these  rocks  beneath  the  drift  cause  the  rise 
eastward  from  this  valley  to  the  lake-sprinkled  plateau,  1300  to 
1500  feet  above  the  sea,  which  reaches  from  Glen  wood,  Alexan- 
dria and  Fergus  Falls,  to  the  sources  of  the  Mississippi.  For  ex- 
ample, though  the  traveler  finds  no  ledge  of  rock  in  going  from 
the  Red  river  at  Fargo  and  Moorhead  seventy-five  miles  east-north- 
east to  Itasca  lake,  we  yet  believe  that  the  form  of  the  surface, 
marked  by  two  remarkable  terraces,  is  due  to  that  of  the  bed-rock. 
The  fiat  of  the  Red  river  valley  extends  from  Moorhead  to  about 
six  miles  east  of  Qlyndon,  with  a  slight  ascent  of  about  50  feet  in 
these  fifteen  miles.  The  next  two  or  three  miles  rise  200  feet  to 
the  top  of  a  terrace  which  reaches  from  south  to  north  the  whole 
length  of  the  Red  river  valley  in  Minnesota,  though  it  is  not  all 
the  way  so  distinct  nor  so  high  as  here.  Beyond  this  ascent  the 
^urface  is  again  nearly  level,  being  a  sheet  of  slightly  undulating 
or  rolling  till,  with  a  rise  of  perhaps  four  or  five  feet  per  mile, 
through  twenty-five  miles  eastward.  Next  is  a  terrace,  also  reach- 
ing a  long  distance  from  north  to  south,  which  is  ascended  in 
three  or  four  miles,  rising  about  300  feet,  to  the  White  Earth 
Agency,  which  thus  commands  a  very  extensive  western  prospect. 
Thence  a  more  rolling  plateau  extends,  with  little  change  in  the 
average  hight,  thirty  miles  eastward  to  Itasca  lake* 

In  like  manner  the  elevation  of  the  Coteau  des  Prairies,  in 
southwestern  Minnesota,  1500  to  2000  feet  above  the  sea,  and  the 
terrace-like  ascent  at  the  west  side  of  the  flat  Red  river  valley  in 
Dakota,  lying  at  a  distance  of  twenty  to  thirty  miles  west  of  the 
Red  river,  and  stretching  from  the  south  bend  of  the  Sheyenne 
river  north  to  the  British  line  where  it  is  called  Pembina  moun- 
tain, are  undoubtedly  due  to  the  contour  of  the  bed-rock,  rather 
than  to  differences  in  the  thickness  of  the  drift. 

The  till  upon  each  side  of  lake  Agassiz  has  a  moderately  undu- 
lating and  rolling  surface.  Within  the  area  that  was  covered  by 
this  lake  it  has  a  much  smoother  and  more  even  contour,  but  has 
been  only  slightly  stratified.  The  action  of  its  waves  gathered 
from  this  deposit  of  till,  which  was  the  lake-bed,  the  gravel  and 
10 
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sand  of  its  beaches  ;  and  corresponding  deposits  of  stratified  clay, 
derived  from  the  same  erosion  of  the  till,  sank  in  the  deeper  part 
of  the  lake.  But  these  sediments  were  evidently  of  small  amount, 
and  are  not  noticable  upon  the  greater  part  of  this  lacustrine  area, 
which  consists  of  a  smoothed  sheet  of  till.  The  position  of  the 
thick  beds  of  stratified  fine  silt  and  clay  in  the  central  depression 
of  the  Red  river  valley,  shows  that  they  were  not  deposited  by  the 
waters  of  lake  Agassiz,  which  must  have  spread  them  more  gener- 
ally over  its  entire  area ;  but  instead  appears  to  prove  that  they 
were  brought  by  the  rivers  which  flowed,  into  this  hollow  and 
along  it  northward  after  the  glacial  lake  Agassiz  bad  been  reduced 
to  its  present  representative,  lake  Winni[)eg. 

Wella  within  this  area  show  the  character  and  depth  of  the  drift,  but  none 
that  we  have  learned  of  within  the  basin  of  lake  Agassiz  in  Minnesota  are 
certainly  known  to  penetrate  through  this  formation.  The  nearest  point  in 
our  state  at  which  the  exact  depth  of  the  drift  is  known  is  Herman,  abont  a 
mile  outside  the  upper  beach,  where  the  till  or  stony  clay,  ye' low  near  the 
surface  but  bluish  below,  reaches  to  the  depth  of  124  feet,  beyond  which  a  well 
was  drilled  65  feet  in  rock«  mostly  mica  schist.  At  Campbell  a  well  260  feet 
deep  went  all  the  way  in  till,  excepting  occasional  layers  of  sand  and  gravel, 
mostly  thin,  but  at  one  place  eight  feet  thick,  from  165  to  173  feet  below  the  top. 
At  Fargo,  in  Dakota,  the  first  95  feet  were  stratified  clay;  next  was  a  layer  of 
gravel,  10  feet;  then  till,  115  feet;  below  which  the  remaining  42  feet  were 
probably  Cretaceous  strata,  being  soft,  dark  blue  shale,  32  feet ;  coarse  sand-rock, 
6  feet ;  and  a  second  shale,  4  feet,  in  which  the  well  stopped  at  a  total  depth 
of  262  feet* 

Deep  wells  farther  north  in  the  Bed  river  valley  are  at  Ada,  217  feet ;  near 
Crookston,  190^195, and  205  feet;  at  Grand  Forks,  in  Dakota,  265  feet;  at 
South  Angus,  eighteen  miles  north  of  Crookston,  253  feet ;  and  at  Saint  Vin- 
cent, 165  feet.  Perhaps  none  of  these  wells,  excepting  those  at  Herman  and 
Fargo,  reach  through  the  drift ;  but  the  tWo  mentioned  at  Grand  Forks  and 
Saint  Vincent,  which  yield  salty  and  alkaline  water,  may  go  below  it,  and  if  so, 
the  stratified  gravel  and  sand  in  which  they  stop  are  of  Cretaceous  age. 

The  fame  of  this  valley  for  its  large  harvests  of  "  No.  1  hard ''  wheats  averag- 
ing twenty  bushels  to  the  acre,  is  nearly  equaled  by  the  unenviable  reputation 
of  the  water  supplied  by  ita  wells.  The  drift  upon  this  part  of  the  state  con- 
tains much  of  the  carbonates  and  sulphates  of  lime  and  magnesia,  derived  Irom 
the  Cretaceous  strata  which  covered  this  area  and  were  ploughed  up  by  the  ice- 
sheet,  mixed  with  much  drift  from  the  region  of  granites,  gneiss  and  crystalline 
schists  on  the  northeast,  and  redeposited  as  till.  These  alkaline  ingredients 
of  the  soil  are  often  seen  in  the  dry  season  forming  a  white  or  gray  effloreeoenoe, 
resembliog  frost,  sometimes  a  quarter  of  an  inch  thick. 

Wheat  thrives  better  where  the  soil  contains  a  considerable  proportion  of 
tiiese  alkaline  salts,  so  that  their  presence  throughout  the  Red  river  vaUey  is 
one  principal  cause  of  its  superiority  in  wheat-raising ;  and  this,  grown  year 

*  Report  of  U.  B.  geologioal  survey  of  (he  territories,  1872,  p.  801. 
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a^ler  year,  gradoAlly  takes  away  these  ingredientB  and  prepares  the  land  for 
other  crops.  But  their  effect  a 4  dissolved  everywhere  in  wells  and  streims 
partly  offsets  this  benefit,  and  makes  the  water  of  all  this  region  objectionably 
hard,  and  often  in  wells  and  springs  noticeably  bitter  or  salt,  especially  in  the 
north'TQ  part  of  this  valley  both  in  Minnesota  and  Dakota. 

These  waters,  too,  more  readily  than  pare  water,  decompose  the  wooden 
earbing.  which,  being  the  most  convenient  and  cheapest  material,  is  too  com- 
monly used  in  the  wells  of  this  region  destitute  of  stone-quarries.  Usually 
these  wells  afler  a  few  weeks  or  month-s  become  off^dusive  to  taste  iind  smell ; 
the  water  is  discolored,  gives  off  sulphureted  hydrogen,  and  horses  and  cattle 
refuse  to  drink  it  or  are  made  sick  by  it.  Let  such  wells  be  pumped  so  as  to  fill 
them  with  new  water  everyday,  and  these  offensive  q<ialities  are  principally 
removed.  Instead  of  wood  the  material  for  lining  wells  ought  to  be  stone,  iron 
pipe  or  bricks,  the  last  of  which  are  manufactured  at  many  places,  and  may  be 
made  almost  anywhere,  from  the  stratified  clay  along  the  Red  river,  of  excel- 
lent quality  and  at  moderate  cost. 

Atiesian  vkUs  have  been  obtained  at  many  places  in  this  valley.  Usually  in 
its  southern  part,  as  far  northward  as  Crookston,  their  water  has  less  alkali  in 
solution  than  the  shallower  surface  wells.  The  largest  flow  yet  found  is  on  the 
Fountain  Valley  form,  owned  by  C.  H.  Brush  &  Co.,  situated  four  miles  east 
of  Campb  11.  This  well  went  56  feet  in  till  to  a  layer  of  sand  which  is  known 
to  be  10  feet  thick  and  was  not  penetrated  at  this  depth,  making  a  total  of  6B 
feet.  The  diameter  of  the  pipe  is  one  foot,  reduced  below  to  seven  inches-  A 
large  stream  of  very  clear  cold  water  is  constantly  flowing  away  from  this  well, 
its  <'Stimated  volume  being  seven  or  eight  barrels  per  minute,  or  about  250 
gallons  It  has  been  flowing  at  this  rate  more  than  a  year.  This  water  is  of 
excellent  quality  for  house  and  farm  use,  but  is  hard  and  slightly  irony,  and 
deposits  a  rusty  sediment  in  the  channel  of  the  stream.  Its  temperature  is  46 
degrees  Fahrenheit. 

'1  he  Ada  town- well,  217  feet  deep,  four  inches  in  diameter,  supplies  a  stream 
which  partly  fills  a  one-inch  pipe.  It  was  bored  last  spring,  and  has  since  been 
running  at  the  rate  of  about  a  hundre^l  barrels  per  day.  This  water  is  very 
transparent,  and  forms  no  irony  sediment.  Its  cool  temperature,  47  degrees 
Fahrenheit,  and  its  purity^  being  called  soft  water,  nearly  equal  to  rain-water 
for  washing,  make  this  a  very  satisfactory  investment  for  the  town.  Its  cost 
was  about  $500. 

Another  well,  nearly  like  the  last  in  the  amount  of  flow  and  character  of  the 
water,  is  at  £.  S.  Corser's  elevator  at  Carman,  one  mile  south  of  Crookston. 
Its  depth  is  190  feet. 

The  deepest  well  learned  of  in  the  Red  river  valley  is  at  Grand  Forks,  265 
feet  deep.  This  has  an  artesian  flow;  but  at  the  time  of  my  visit  in  last  Angustf 
its  rate  of  flow,  probably  because  the  pipe  had  become  choked  with  sand  and 
clay,  was  very  small,  not  amounting  to  more  than  two  or  three  barrels  in 
twenty-four  hours.  This  water  has  a  decidedly  brackish  taste,  and  is  therefore 
worthless  for  any  ordinary  use.  The  well  at  Saint  Vincent,  165  feet  deep,  is  of  the 
same  alkaline  character.  Both  were  bored  to  supply  wat^r  for  locomotives 
bat  cannot  be  used  because  of  their  mineral  residue. 

It  may  be  that  these  very  deep  wells  derive  their  alkaline  and  salty  watsr  from 
Cretaceous  strata;  but  some  shallower  artesian  wells  in  this  north  part  of  the 
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Red  river  valley  get  qnite  brackish  water  from  layers  of  gravel  and  sand  con- 
tained in  the  drift  One  of  these  is  on  the  farm  of  E.  N.  Davis,  in  the  sonth 
edge  of  Kittson  connty,  about  thirty  miles  south  of  the  national  boundary.  This 
is  45  feet  deep,  and  was  bored  in  a  quarter  of  a  day  with  an  ordinary  two-inch 
auger.  Its  flow  has  continued  nearly  constant  through  more  than  a  year,  at  the 
rate  of  three  pailfuls  a  minute,  or  more  than  three  hundred  barrels  daily.  Its 
temperature  is  42  degrees.  Though  salty  to  the  taste,  it  was  drank  freely  by 
form- stock  through  all  last  winter  with  no  apparent  injury,  and  it  has  been 
used  by  people  as  the  only  water  for  drinking  and  cooking  through  several 
weeks  of  drouth.  1  he  hight  to  which  it  will  rise  is  known  to  be  more  than  23 
feet,  at  which  hight  the  flow  seemed  to  be  undiminished. 

The  upward  pressure  and  abun  lant  supply  of  water  in  these  wells  show 
that  the  water-bearing  layers  of  stratified  drift  enclosed  in  the  till  are  con- 
tinuous through  long  distances  and  descend  from  a  higher  level.  The  veins  of 
soft  water  found  at  the  depth  of  about  200  feet  at  Ada  and  Carman  probably 
have  their  sources  upon  the  high  land  twenty  miles  distant  eastward. 

THE  OUTLET  OF  LAKE    AGA8S1Z. 

The  excavation  of  the  remarkable  valley  occupied  by  the  Minne- 
sota river  was  first  explained  in  1868  by  general  6.  K.  Warren,* 
v?ho  attributed  it  to  the  outflow  from  this  ancient  lake  that  filled 
the  basin  of  the  Red  river  and  lake  Winnipeg.  This  valley  or 
channel  begins  at  the  northern  part  of  lake  Traverse,  and  first  ex- 
tends southwest  to  the  head  of  this  lake,  thence  southeast  to  Man- 
kato,  and  next  north  and  northeast  to  the  Mississippi  at  Fort  Snel- 
ling,  its  length  being  about  250  miles.  Its  width  varies  from  one 
to  four  miles,  and  its  depth  is  from  100  to  225  feet.  The  country 
through  which  it  lies,  as  far  as  to  Carver,  about  twenty-five 
miles  above  it«  junction  with  the  Mississippi,  is  a  nearly  level 
expanse  of  till,  only  moderately  undulating,  with  no  prominent 
hills  or  notable  depressions,  excepting  this  deep  channel  and  those 
formed  by  its  tributary  streams.  Below  Carver  it  intersects  a  belt 
of  terminal  moraine,  composed  of  hilly  till.  Its  entire  course  is 
through  a  region  of  unmodified  drift,  which  has  no  exposures  of 
solid  rock  upon  its  surface. 

BluflFs  in  slopes  from  twenty  to  forty  degrees,  and  rising  100  to 
200  feet  to  the  general  level  of  the  country,  form  the  sides  of  this 
trough-like  valley.  They  have  been  produced  by  the  washing  away 
of  their  base,  leaving  the  upper  portion  to  fall  down  and  thus  take 
its  steep  slopes.  The  river  in  deepening  its  channel  has  been  con- 
stantly changing  its  course,  so  that  its  current  has  been  turned 
alternately  against  the  opposite  sides  of  its  valley,  at  some  time 

*  Since  the  above  was  written,  the  lamented  death  of  thin  disting^uished  soldier  and  en- 
gineer, whose  interest  in  science  added  much  to  our  Icnowledge  of  the  geoffraphy  and 
geology  of  the  Northwest,  occurred  Aug.  8,  1882. 
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UDderminiDg  every  portion  of  them,  la  a  few  places  this  process 
is  still  going  forward,  but  mainly  the  course  of  the  Minnesota  river 
is  in  the  bottomland.  Comparatively  little  excavation  has  been 
done  by  the  present  river.  As  we  approach  its  source,  it  dwindles 
to  a  small  stream,  flowing  through  long  lakes,  and  we  finally  pass 
to  lake  Traverse,  which  empties  northward  ;  yet  along  the  upper 
Minnesota  and  at  the  divide  between  this  and  the  Red  river,  this 
valley  or  channel  and  its  enclosing  bluffs  are  as  remarkable  as 
along  the  lower  part  of  the  Minnesota  river.  It  is  thus  clearly 
shown  to  have  been  the  outlet  of  lake  Agassiz,  excavated  while  the 
melting  ice-sheet  supplied  extraordinary  floods,  much  greater  in 
volume  than  the  combined  waters  of  the  Minnesota  and  Nelson 
rivers  at  the  present  time. 

This  valley  in  many  places  cuts  through  the  sheet  of  drift,  and 
reaches  the  underlying  rocks,  which  have  frequent  exposures  along 
its  entire  course  below  Big  Stone  lake.  This  excavation  shows 
that  the  thickness  of  the  general  drift-sheet  upon  this  part  of  Min- 
nesota averages  about  150  feet. 

Lakes  Traverse  and  Big  Stone  are  from  one  to  one  and  a  half 
miles  wide,  mainly  occupying  the  entire  area  between  the  bases  of 
the  bluffs,  which  rise  about  125  feet  above  them.  Lake  Traverse 
is  fifteen  miles  long  ;  it  is  mostly  less  than  ten  feet  deep  and  its 
greatest  depth  probably  does  not  reach  twenty  feet.  Big  Stone 
lake  is  twenty-six  miles  long,  and  its  greatest  depth  is  reported  to 
be  from  fifteen  to  thirty  feet.  The  portion  of  the  channel  between 
these  lakes  is  widely  known  as  Brown's  valley.  A.s  we  stand  upon 
the  bluffs  here,  looking  down  on  these  long  and  narrow  lakes  in 
their  trough-like  valley,  which  extends  across  the  five  miles  be- 
tween them,  where  the  basins  of  Hudson  bay  and  the  gulf  of 
Mexico  are  now  divided,  we  have  nearly  the  picture  which  was 
presented  when  the  melting  ice-sheet  of  British  America  was 
pouring  its  floods  along  this  hollow.  Then  the  entire  extent  of  the 
valley  was  doubtless  filled  every  summer  by  a  river  which  covered 
all  the  present  areas  of  flood-plain,  in  many  places  occupying  as 
great  width  as  these  lakes. 

General  Warren  observes  that  lake  Traverse  is  probably  due  to 
a  partial  silting  up  of  the  channel  since  the  outflow  from  the  Red 
river  basin  ceased,  the  Minnesota  river  at  the  south  having  brought 
in  sufficient  alluvium  to  form  a  dam  ;  while  Big  Stone  lake  is 
similarly  referred  to  the  sediment  brought  into  the  valley  just  be- 
low it  by  Whetstone  river.  Twenty-five  miles  from  Big  Stone 
lake,  the  river  enters  Lac  qui  Parle,  which  extends  eight  miles, 
with  a  width  varying  from  one-half  to  three-fourths  of  a  mile  and 
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a  maximam  depth  of  twelve  feet.  This  lake,  as  ii^eneral  Warren 
suggests,  has  been  formed  by  a  barrier  of  stratified  sand  and  silt 
which  the  Lac  qui  Parle  river  has  thrown  across  the  valley. 

THB  NORTHERN  BARRIER 

by  which  the  water  of  lake  Agassiz  was  restrained  from  flowing  in 
the  direction  of  the  present  drainage,  to  Hudson  bay,  is  supposed 
by  general  Warren  to  have  been  an  elevation  of  the  land  much 
above  its  pi^esent  bight  northeast  of  lake  Winnipeg.  He  thiuks 
this  elevation  was  shared  by  other  northern  portions  of  North 
America,  and  that  these  regions  have  recently  been  depressed  at 
least  several  hundred  feet.  The  depths  of  the  great  lakes,  and 
many  topographic  features  of  the  interior  of  the  continent,  besides 
this  channel  of  lakes  Traverse  and  Big  Stone  and  the  Minnesota 
river,  appear  to  him  to  support  this  opinion.  Instead  of  this,  we 
believe  that  the  surface  of  the  continent  had  nearly  the  same  form 
then  as  now,  and  that  the  continental  ice-sheet,  resting  on  the 
land  in  a  solid  mass  of  great  depth,  formed  the  northern  shore  of 
lake  Agassiz  and  was  the  barrier  that  prevented  its  flowing  into 
Hudson  bay. 

Before  adducing  the  evidence,  apparently  amounting  to  positive 
proof,  of  this  glacial  origin  of  lake  Agassiz,  which  is  drawn  from 
our  exploration  of  its  beaches  and  determination  of  their  bight,  we 
ought  to  mention  that  professor  Dana^s  and  general  Warren^s 
theory  of  an  elevation  of  the  northern  part  of  the  continent,  during 
the  ice  age  or  since  that  time,  followed  by  subsidence  to  its  pres- 
ent bight,  is  opposed  and  disproved  by  the  general  occurrence  of 
sea-beaches  and  marine  shells  above  the  present  sea-level  all  along 
our  northern  shores.  They  show  that  the  ocean  in  these  recent 
epochs  covered  more  of  the  land  than  now  in  northern  latitudes  ; 
that  is,  that  the  elevation  of  the  land,  as  compared  with  the  sea- 
level,  was  less  instead  of  greater  than  at  present.  More  than  this, 
the  bight  at  which  these  recent  marine  deposits  and  sea-shells  are 
found,  increases  from  south  to  north.  In  New  Hampshire  and 
Maine  it  is  from  50  to  300  feet  above  our  present  sea-level ;  in  the 
St.  Lawrence  valley,  about  600  feet ;  and  on  the  coast  of  Labrador, 
about  Hudson  bay,  and  in  Greenland,  600  to  1500  feet.  Our  proof 
that  the  ice-sheet  was  the  northern  barrier  of  lake  Agassiz,  also 
gives  us  an  answer  to  the  question  why  the  sea-level  thus  rose 
higher  than  now  toward  the  north. 

The  three  series  of  beach  deposits  before  described  (mapped  in  tig. 
3,  plafp  1).  which  mark  the  shores  of  lake  Agassiz  at  as  many  stages 
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of  its  hight,  bave  each  been  traced,  and  their  altitude  determined, 
through  an  extent  of  about  150  miles  from  south  to  north;  and  each 
of  them,  like  the  old  sea-level,  is  found  to  have  a  gradual  ascent  north- 
ward, as  compared  with  the  present  level-line,  or  the  surface  which 
a  body  of  water  would  have  now,  if  confined  in  this  valley.  As  be- 
fore stated,  these  beaches  were  formed  at  epochs  when  the  lake-level 
was  nearly  stationary  for  a  considerable  time  during  the  excava- 
tion of  its  channel  of  outlet  at  lake  Traverse  and  southward.  The 
hight  of  the  mouth  of  the  lake  and  its  outflowing  river  was  at  the 
time  of  the  upper  or  Herman  beach  85  feet  above  lake  Traverse; 
at  the  time  of  the  Norcross  beach  this  outlet  had  been  lowered  SO 
feet;  and  when  the  Campbell  beach  was  formed,  it  was  nearly  at  the 
present  level  of  lake  Traverse. 

Our  exploration  and  leveling  along  the  upper  beach  extended 
from  the  north  end  of  lake  Traverse  about  25  miles  eastward  to 
Herman  and  thence  about  140  miles  north  to  Maple  lake.  Through 
this  distance  it  lies  from  fifteen  to  thirty  miles  east  of  the  Red  riv- 
er. The  ascent  of  this  beach  northward  is  at  the  rate  of  about 
four-tenths  of  a  foot  per  mile  in  its  southern  portion  for  about  60 
miles,  lying  in  Traverse,  Stevens,  Grant,  Otter  Tail  and  Wilkin 
counties.  Farther  north,  through  its  remaining  80  miles  in  Clay, 
Norman  and  Polk  counties,  its  rate  of  ascent  is  considerably  great- 
er, varying  from  three-fourths  of  a  foot  to  one  and  a  half  feet  per 
mile.  In  all,  the  surface  of  lake  Agassiz  at  this  time  of  its  great- 
est hight  ascended  northward,  above  a  line  now  level,  125  feet  in 
these  142  miles,  from  1055  feet,  very  nearly,  above  sea  in  Traverse 
^county,  to  1180  feet,  very  nearly,  at  the  north  side  of  Maple  lake, 
twenty  miles  east-southeast  from  Crookston,  Through  this  dis- 
tance the  upper  beach  clearly  marks  one  continuous  shore-line ; 
and  the  accuracy  of  our  leveling  is  attested  by  close  agreement 
with  railroad  surveys  at  five  widely  separated  points. 

Before  lake  Agassiz  had  fallen  below  the  line  of  this  upper 
beach  in  the  south  half  of  its  explored  extent,  it  had  formed  a 
slightly  lower  parallel  beach,  three-fourths  to  one  and  a  half  miles 
distant,  through  the  northern  third  of  Clay  county  ;  and  this  sec- 
ondary beach,  sometimes  double  or  treble,  was  noted  at  several 
places  along  the  next  thirty  miles  northward.  The  continuation 
of  this  beach  at  the  northwest  side  of  Maple  lake  was  accumulated 
when  lake  Agassiz  had  fallen  at  this  latitude  about  fifteen  feet  be- 
low its  highest  line.  Here  it  is  the  second  of  a  series  of  four  well, 
defined  beach-ridges  below  the  upper  or  first  beach,  which  were 
formed  when  the  lake  had  fallen  successively  about  8, 15, 30  and  40 
feet  from  its  highest  level.  Tet  all  these  beaches  were  accumulated 
while  the  Inke  remained  with  only  very  slight  depression  of  level, 
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not  sufficient  for  the  formation  of  any  secondary  beach-ridge,  along 
its  southern  part  for  some  75  miles  northward  from  lake  Traverse 
and  Herman. 

The  Norcross  beach  has  been  explored  and  its  bight  measured 
through  a  length  of  150  miles.  In  this  distance  it  ascends  north- 
ward about  70  feet  by  a  nearly  uniform  slope  of  a  little  less  than  a 
half  foot  per  mile.  The  amount  that  the  surface  of  lake  Agassiz 
had  fallen  at  this  time  from  its  highest  level  was  80  feet  in  Tra- 
verse and  Grant  counties,  50  feet  in  northern  Clay  county,  and  90 
feet  northwest  of  Maple  lake.  Its  fall  in  this  extent  of  150  miles 
had  been  thus  60  feet  more  at  the  north  than  at  the  south  end. 
Double  and  multiple  ridges  occur  along  the  northern  half  of  this 
distance,  and  show  that  the  lake-level  at  the  time  of  formation  of 
the  Norcross  beach  fell  five  to  ten  feet  northward  while  it  remained 
without  change  or  with  less  change  than  was  required  to  form  ad- 
ditional beach-ridges  southward. 

The  hight  of  the  Campbell  beach,  formed  when  the  outlet  had 
been  excavated  to  the  level  of  lake  Traverse,  is  known  along  a  dis- 
tance of  135  miles,  in  which  its  northward  ascent  was  at  first  50 
feet,  and  afterward  only  about  25  feet.  This  continued  depression 
of  the  lake  northward,  while  it  remained  with  slight  or  no  change 
southward,  is  indicated,  similarly  with  the  foregoing,  by  the  occur- 
rence of  an  additional  ridge,  along  the  northern  part  of  the  course 
of  this  shore-line..  The  fall  of  lake  Agassiz  from  the  upper  or  Her- 
man beach  to  the  Campbell  beach  was  about  80  feet  at  the  south 
near  lake  Traverse,  and  165  feet  at  the  north  near  Maple  lake ; 
and  instead  of  the  northward  ascent  of  the  upper  beach  125  feet  in 
142  miles,  we  find  the  corresponding  ascent  of  the  Campbell  beach 
in  nearly  the  same  distance  at  first  50  feet,  but  reduced  later  to 
half  this  amount. 

If  the  barrier  north  of  lake  Agassiz  had  been  land,  its  subsidence 
to  give  way  for  drainage  northward  in  its  present  course  would 
cause  the  beach  deposits  of  the  former  lake-shores  to  have  the  oppo- 
site slope,  or  a  descent,  from  south  to  north.  These  observations 
are  therefore  inconsistent  with  such  explanation  of  the  cause  of 
this  lake;  but  they  appear  to  prove  that  its  northern  barrier  was 
the  receding  continental  glacier.  All  the  differences  of  the 
once  level  lines  of  lake  Agassiz  from  our  present  level-line  would  be 
produced  by  the  gravitation  of  the  water  of  the  lake  toward 
this  ice-sheet.  At  first  this  attraction  had  a  large  effect  upon  the 
lake-level  because  of  the  nearness  of  a  great  depth  of  ice  on  the  east, 
in  northern  Minnesota  and  northward  in  British  America,  but 
it  was  gradually  diminished  to  a  comparatively  small  influ- 
ence when  these  ice-masses  had  been  melted  and    the  attracting 
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force  proceeded  from  the  region  far  norfch  between  lake  Winnipeg 
and  Hudson  bay. 

In  the  same  way  the  ocean  daring  the  glacial  period  was  drawn 
toward  the  ice-sheet,  so  that  northward  it  stood  higher  than  now, 
as  shown  by  its  recent  deposits  along  oar  northern  coasts,  far  above 
the  present  sea-shore.  It  appears  that  the  form  of  the  surface  of 
the  continent  during  the  ice  age  was  about  the  same  as  it  is  to-day; 
but  that  the  sea-level  was  much  changed  by  the  great  accumula- 
tions of  ice,  being  drawn  toward  them  by  gravitation  and  thus 
raised  higher  than  now  toward  the  poles,  while  it  was  proportion- 
ately lowered  about  the  equator. 

▲KEA  AND  DSPTH  OF  LAKE  A0AS8IZ. 

The  upper  beach  of  lake  Agassiz,  as  here  described  from  lake 
Traverse  and  Herman  north  to  Maple  lake,  extends  through  a 
piairie  region,  very  favorable  for  exploration  and  leveling.  Its 
farther  course  turns  to  the  east  and  northeast  and  lies  in  a  trackless 
forest,  much  of  which  consists  of  almost  impassable  tamarack 
swamps.  It  is  therefore  quite  impracticable  to  trace  its  course  ex- 
actly through  this  wilderness  ;  but  from  the  known  elevation  of 
Red  lake,  1140  or  1150  feet,  very  nearly,  above  the  sea,  of  the  lake 
of  the  Woods,  1042,  and  of  Rainy  lake,  about  1175,  the  outline  of 
lake  Agassiz  when  it  had  its  greatest  hight  can  be  mapped  approxi- 
mately. * 

From  the  north  side  of  Maple  lake  it  first  extends  east  sixty 
miles,  passing  south  of  Red  lake.  Next  this  shore  of  lake  Agassiz 
tuvis  northward  east  of  Red  lake,  beyond  which  it  again  runs 
eastward,  crossing  the  Big  fork  of  Rainy  Lake  river,  and  extends 
along  the  south  side  of  Rainy  lake,  its  hight  above  Red  and  Rainy 
lakes  being  probably  between  50  and  100  feet.  Thus  lake  Agassiz 
at  this  time  of  greatest  hight  reached  along  our  northern  boundary 
beyond  the  meridians  of  Minneapolis  and  Saint  Paul.  Its  expanse 
included  no  islands,  excepting  rarely  one  of  small  area  close  to  its 
shore. 

When  this  glacial  lake  attained  its  greatest  extent,  just  before  it 
found  an  outkt  into  Hudion  bay  over  the  melting  ice-sheet,  its 
length  from  south  to  north  was  probably  greater  than  the  length 
of  lake  Superior  ;  but  its  area  was  only  half  or  two-thirds  that  of 
lake  Superior,  because  of  its  less  average  width. 

At  the  time  of  the  formation  of  its  highest  beach,  the  depth  of 
lake  Agassiz  above  the  lake  of  the  Woods  was  some  200  feet;  above 
the  Red  river  valley  at  our  northern  boundary,  450  feet ;  and  above 
lake  Winnipeg,  about  600  feet. 
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LETTER. 

CHEMICAL  LABORATORY,  HAMILTON  COLLEGE,  { 
Clistok,  Ombida  County,  N.  Y..  Julj  11,  1883.      f 

Prof.  N.  H.  Winchell: 

Mt  dear  bib,  —  I  eaclose  herewith  my  long  delayed  paper  on 
your  Minnesota  Iron  Districts.  The  delay,  however,  has  not  been 
through  any  neglect  of  mine,  but  because  I  could  not,  until  re- 
cently, persuade  the  owners  to  allow  me  to  make  the  facts  public. 
I  now  send  you  a  complete  statement,  which  I  hope  you  will 
consider  of  some  value  to  your  work.  Every  analysis  given  was 
made  here  by  myself,  personally,  and  I  will  answer  for  the  cor- 
rectness of  all  the  chemical  work.  The  story  might  perhaps  be 
made  stronger  for  Vermilion,  but  it  is  strong  enough  as  I  put  it. 
Very  sincerely  yours, 

Albert  H.  Chesteb,  £.  M.,  Ph.  D. 
Prof,  of  Chemistry  and  Mineralogy. 
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THE  IRON  REGION  OF  NORTHERN .  MINNESOTA. 


BY  ALBERT  H.   CHESTEU. 


There  are  two  extensive  iron  districts  in  northern  Minnesota, 
known  respectively  as  the  Mesabi  Iron  Range,  in  Town  59,  Raage 
14  W.  and  Town  60,  Ranges  12  and  13  W.,  and  the  Vermilion 
Iron  District,  in  Town  62,  Range  15  W.  These  districts  are  about 
twenty  miles  apart.  Within  a  few  years  both  have  been  very  care- 
fully explored  to  ascertain  the  extent  and  value  of  the  ore  deposits. 
Before  these  explorations  were  undertaken  all  knowledge  of  this 
region,  inhabitated  only  by  Indians,  was  obtained  from  the  ex- 
plorers and  timber  hunters  who  had  run  over  it  in  the  pursuit  of 
their  calling,  and  from  those  who  had  visited  Vermilion  lake  dur- 
ing the  gold  excitement  of  1866.  Little  attention  was  paid  to  iron 
at  that  time  however,  though  some  samples  of  the  hematite  from 
T.  62,  R.  15,  were  sent  with  the  so-called  gold  ores  to  be  exhibited 
with  other  ores  from  Minnesota  at  the  Paris  Exposition  of  1867. 
The  pieces  sent  were  large  and  handsome  samples  of  nearly  pure, 
hard,  specular  iron,  and  it  is  strange  that  they  did  not  attract  more 
attention.  In  May,  1867,  the  Smithsonian  Institution  distributed 
boxes  of  mineral  specimens  to  such  academies  as  applied  for  them. 
No.  5021  of  the  list  of  minerals  sent  is  labelled  ^^Hematite,  Vermil- 
ion lake,  Minn.^^  As  these  were  fair  sized  cabinet  specimens,  and 
a  hundred  or  more  of  the  boxes  were  sent  out,  a  considerable  quan- 
tity of  the  ore  must  have  been  brought  down  in  1866,  to  furnish 
the  material  used.  It  was  not  however  until  1875  that  the  Mesabi 
district  was  explored,  and  Vermilion  received  little  attention  as  an 
iron  district  until  the  expedition  of  1880.  It  is  the  object  of  this 
paper  to  give  in  detail  the  results  of  these  expeditions. 
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THE  HB8ABI  IBOK  BANQB. 


To  reach  this  district  the  old  goyemmeDt  road  to  Vermilion  lake 
was  followed  as  far  as  the  Embarras  bridge.  From  this  point  a  new 
road  was  cut  out,  striking  T.  59,  R.  14  in  the  southwest  quarter  of 
section  31.  Before  reaching  this  township  evidences  of  what  is  to 
appear  are  seen  in  the  decided  disturbance  of  the  compass  needle, 
and  the  occasional  pieces  of  magnetite  in  the  drift.  Some  of  these 
are  of  considerable  size  and  cause  so  much  variation  of  the  needle  as 
readily  to  lead  an  observer  to  suppose  that  ore  bodies  of  magni- 
tude were  near  at  hand.  No  ore  in  place  was  found,  however, 
until  section  twenty-eight  was  reached,  where,  in  the  southwest 
of  the  northwest  quarter  the  ledge  was  exposed  by  sinking  to  a 
depth  of  eighteen  feet,  and  the  rock  found  to  be  magnetitic 
quartzyte  similar  to  that  described  below,  and  too  poor  to  be  called 
ore  or  to  deserve  farther  attention. 

In  the  northwest  of  the  northwest  quarter  of  section  fourteen 
considerable  excavations  were  made  to  ascertain  the  nature  of  the 
deposit,  there  being  a  decided  outcrop  of  magnetite.  The  rock 
strata  throughout  the  district  lie  nearly  horizontal,  and  the  beds 
of  ore  are  intercalated  with  the  everywhere  abundant  quartzyte. 
The  slight  dip  here  is  to  the  south,  as  is  usual  throughout  the 
district.  A  perpendicular  face  of  about  fourteen  feet  was  exposed 
and  was  found  to  consist  of  layers  of  mixed  quartzyte  and  ore.  A 
sample  from  the  best  layers,  aggregating  four  and  a  half  inches  in 
thickness,  was  taken  for  analysis,  and  showed  48.47  per  cent,  of 
iron. 

About  a  half  mile  east  of  this  point,  in  the  same  quarter-section, 
ore  shows  on  the  surface  for  a  length  of  thirty  feet.  Here  a  pit 
was  sunk  cutting  the  strata  at  right  angles.  At  the  top  three 
feet  of  white  quartzyte  was  found.  Underneath  this  lie  six  feet 
of  mixed  magnetite  and  quartzyte.  At  this  depth  a  layer  of 
ore  comes  in  a  foot  and  a  half  thick,  of  which  four  inches  at  the 
middle  is  better  than  the  rest  and  contains  53.45  per  cent,  of  iron. 
For  seven  feet  below  this  to  the  bottom  of  the  pit  the  ore  is  very 
poor. 

Near  the  center  of  section  eleven  there  is  a  bold  outcrop  of  jas- 
pery  hematite,  at  the  foot  of  which  a  pit  was  sunk  to  considerable 
depth.  At  fifteen  feet  from  the  surface  a  layer  of  black  sand  was 
found  containing  boulders  of  quite  pure  hematite.  An  average 
sample  from  these  boulders  showed  62.17  per  cent,  of  iron,  almost 
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the  richest  ore  discovered  in  the  district.  Garefal  search  failed  to 
find  the  ledge  from  which  these  boulders  came,  and  they  seemed  a 
novelty  in  a  district  covered  with  horizontal  layers  of  magnetite 
and  quartzyte. 

The  next  exposure  of  ore  was  found  near  the  center  of  section 
24,  T.  60,  R.  13.  The  best  ore  found  here  was  a  layer  on  the  top 
about  two  and  a  half  inches  in  thickness  and  containing  about  60 
per  cent,  of  iron.  A  pit  was  sunk  to  a  depth  of  thirteen  feet  but 
nothing  was  found  as  good  as  that  on  the  surface. 

In  the  northwest  quarter  of  section  20,  T.  60,  R.  12  W.,  the 
most  important  of  the  workings  of  Mr.  Peter  Mitchell,  the  first 
explorer  of  the  Range,  was  found.  This  was  a  pit  six  feet  in  depth , 
and  from  it  was  said  to  have  been  obtained  the  best  ore  he  brought 
back..  This  old  pit  was  cleaned  out  and  sunk  to  a  depth  of  11.2 
feet.  The  stratification  on  one  side  of  the  pit  was  as  follows  : 
3  0  feet,  sorflMse  soil,  sand  and  grayel. 
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As  mentioned  above,  this  represents  only  one  side  of  the  pit,  the 
changes  from  magnetite  to  quartzyte  being  so  abrupt  that  the 
layers  of  ore  can  seldom  be  followed  for  any  distance.  The  total 
thickness  of  ore  shown  here  is  about  three  and  a  half  feet  and  the 
sample  made  from  all  the  best  layers  gave  44.10  per  cent,  of  iron. 
Selected  samples  from  this  place  previously  brought  out  by  Mr. 
Mitchell  gave  on  analysis  the  following  results: 
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These  analyses  were  made  by  the  writer  previous  to  the  expedi- 
tion, and  from  samples  furnished  by  the  owners  of  the  property. 
The  magnetic  character  of  these  samples  was  very  noticeabie, 
some  very  fine  lodestones  having  been  found  among  them.  This 
is  a  prominent  characteristic  of  all  the  best  ore  of  the  district. 

Another  of  Mitcheirs  old  workings  was  found  on  the  line  be- 
tween sections  18  and  19,  in  the  same  town.  This  was  continued 
until  a  total  depth  of  fourteen  feet  was  attained.  About  four  and 
a  half  feet  of' good  ore  was  found  at  this  place,  an  average  sample 
showing  52.82  per  cent,  of  iron. 

In  the  northeast  quarter  of  section  17,  T.  60,  R.  12,  a  ledge  was 
discovered  which,  after  having  the  talus  at  the  base  cleared  away, 
exposed  the  stratification  for  a  hight  of  twenty-five  feet  as  follows  : 

0.2  feet  best  ore. 
1.6    *'    good  ore. 

.2  5    '*   ore  mixed  with  qoartzyte. 
0.2    "    good  ore. 
10  6    "    poor  ore  and  quartzyte. 
10.0    *'    qnartzyte  with  some  ore. 

The  whole  amount  of  good  ore  here  shown  is  less  than  two  feet, 
the  best  being  at  the  very  top  of  the  cliff  and  showing  6'i.37  per 
cent,  of  iron.  Clearing  off  the  moss  on  the  level  ground  at  the  top, 
the  whole  surface  for  some  distance  is  shown  to  be  of  this  layer, 
smoothed  and  polished  by- glacial  action,  and  as  one  walks  over  it 
he  seems  to  be  walking  on  solid  iron.  The  deposit  at  this  place 
is  of  sufficient  extent  to  give  color  to  the  story  of  "'a  mountain  of 
iron,  larger  and  richer  than  the  famous  Iron  mountain  of  Mis- 
souri.^' But  when  the  surface  is  carefully  examined  it  is  seen  to 
have  a  mottled  or  marbled  appearance  in  consequence  of  the  con- 
stant changes  between  the  magnetite  and  quartzyte.  No  layer  can 
here  be  followed  any  distance  without  showing  this  change.  This 
lack  of  uniformity  is  one  of  the  most  noticeable  features  of  these 
deposits. 

In  the  northwest  quarter  of  section  20,  an  outcrop  of  the  ore  is 
seen  in  the  bed  of  a  small  brook.  A  layer  of  about  six  inches  in 
thickness  and  of  considerable  permanence  can  here  be  followed  for 
nearly  a  quarter  of  a  mile.  The  dip  of  the  stratum  is  to  the  south 
at  the  rate  of  about  six  feet  in  every  one  hundred.  An  average 
sample  of  this  ore  shows  57.12  per  cent,  of  iron. 

A  sample  was  made  from  all  the  specimens  brought  back  which 
showed  by  analysis  44.68  per  cent,  of  metallic  iron.  It  was  ex- 
tremely difficult  to  take  fair  samples  of  the  ore  on  account  of  the 
continual  changes  in  the  character  of  the  layers,  but  so  large  a 
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number  of  specimens  were  selected,  coYering  so  great  an  extent 
of  territory,  that  this  is  believed  to  be  a  fair  representation  of  the 
richness  of  the  ore  in  the  district,  above  the  level  of  the  swamp 
water.  All  the  pits  were  sank  to  this  level,  and  work  was  stopped 
only  when  the  water  came  in  so  rapidly  that  further  work  was  im- 
possible without  pumping. 

A  ledge  of  quartz  containing  galena  should  be  mentioned  here, 
which  was  found  in  the  southeast  quarter  of  section  11,  township 
59,  range  14.  This  vein  of  quartz  dipping  78^  to  the  southeast 
and  cutting  through  the  horizontal  beds  of  quartzyte  has  a  very 
interesting  appearance,  and  from  the  galena  it  shows  was  at  once 
called  a  silver  mine  by  the  miners.  But  careful  assays  of  the  ore 
obtained  failed  to  reveal  any  trace  of  the  precious  metal,  and  the 
amount  of  galena  is  too  trifling  to  make  it  of  value  as  a  lead  ore. 

The  quartzyte  so  often  mentioned  here  is  a  greyish  colored 
quartz-schist  often  slaty  and  arenaceous,  and  generally  more  or 
less  impregnated  with  magnetite,  though  sometimes  free  from  it. 
Even  the  strata  that  are  richest  in  iron  show  plainly  this  mode  of 
formation.  A  sample  of  this  magnetitic  schist,  which  well  illus- 
trates the  whole,  examined  under  the  microscope  by  polarized 
light,  showed  areas  of  nearly  pure  magnetite  with  some  hornblende 
and  quartz,  in  which  were  minute  crystals  of  apatite. 

These  magnetitic  schists  are  terminated-  on  the  north  by  a  red  or 
pink  granite  which  constitutes  the  backbone  of  the  Mesabi  range. 
The  nearly  horizontal  schists  abut  against  this  backbone,  which 
rises  abruptly  in  some  places  to  a  considerable  hight. 

The  granite  was  not  examined  under  the  microscope  but  ap- 
peared to  the  eye  to  be  much  the  same  as  the  one  described  further 
on,  and  which  forms  the  divide  between  the  waters  flowins:  north 
and  those  running  south.  It  is  probable  thrt  the  Mesabi  range 
originally  formed  this  divide;  but  now  the  Embarras  river  has 
tMToken  through  it,  and  discharges  into  the  Saint  Louis  river  and 
thence  into  lake  Superior. 

The  schists  and  slates  of  the  Mesabi  district  dip  in  general 
toward  the  south,  but  never  at  an  angle  of  more  than  two  or  three 
degrees  from  the  horizontal,  the  dip  changing  a  little  from  poidt 
to  point  so  as  to  present  the  appearance  of  a  slightly  undulating 
surface.  In  all  respects  except  this  horizontal  bedding  the  Mesabi 
district  is  precisely  similar  to  the  Penokee  region  of  Wisconsin, 
and  a  person  familiar  with  the  latter  cannot  fail  to  notice  the  close 
resemblance.  Here  are  the  sane  magnetitic  schists,  hornblendic 
magnetitic  schists,  dark  and  light  grey  quartz  schists,  arenaceous 
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grey  and  white  quartzytes,  aad  other  similar  rocks;  and  especially, 
here  is  the  same  apparent  substitution  of  quartzyte  and  magnetite 
for  each  other  The  writer  pointed  oat  this  resemblance  in  his 
report  on  the  Mesabi  district,  presented  in  1875,  and  is  now  clearly 
of  the  opinion  that  the  iron-bearing  rocks  of  this  district  bear  the 
same  relation  to  the  Huronian  series  as  do  the  rocks  of  the  Penokee 
Iron  range  in  Wisconsin. 

On  the  north  side  of  the  Mesabi  ridge  the  rock  strata  are  much 
more  inclined  and  consist  of  similar  slates  and  quartzytes,  but 
without  the  magnetite.  The  general  trend  is  east  and  west  fol- 
lowing the  line  of  the  ridge.  There  is  a  second  belt  of  red  granite, 
the  one  alluded  to  above,  exposed  on  the  long  portage  between  the 
Embarras  and  Pike  rivers,  in  the  southwestern  part  of  T.  60,  R.  15 
W.,  which  is  identical  in  appearance  with  that  of  the  Mesabi 
backbone.  This  is  a  medium  grained,  flesh  red  or  pink  hornblende- 
granite,  in  which  the  crystals  of  feldspar  are  sometimes  porphyrit- 
ically  developed,  and  show  twinning  of  the  Carlsbad  type.  Under 
the  microscope  it  presents  the  following  characteristics.  Micro- 
cline,  oligoclaseand  orthoclase  are  the  principal  ingredients,  named 
in  order  of  abundance.  Quartz  is  very  plenty  and  also  common 
grrcn  highly  dichroic  hornblende.  Magnetite  and  ferrite  occur  as 
accessories. 

In  descending  the  Pike  river  but  little  rock  was  found  in  place, 
but  at  one  of  the  rapids  in  the  south  part  of  T.  61,  R.  16,  there  is 
a  considerable  exposure  of  a  blackish  schist,  the  beds  being  nearly 
perpendicular,  dipping  however  slightly  to  the  south.  The  trend 
of  these  beds  is  similar  to  that  of  the  rocks  found  in  connection 
with  the  iron  further  north.  These  are  hornblendic  biotite-schists, 
n^inutely  crystalline,  of  dark  grey  color,  schistose  in  structure,  and 
pyritiferous.  Under  the  microscope  there  is  seen  a  quartz  ground- 
mass  of  very  fine  particles;  biotite  in  minute  scales;  hornblende, 
next  in  abundance,  and  rather  plentifully  distributed  through  the 
rock  in  relatively  good  sized  crystals.  Porphyritic  quartzes  are 
also  seen  with  quite  distinct  crystalline  outlines ;  as  accessories 
pyrite  and  ferrite  are  seen.  This  is  at  once  recognized  as  a  typical 
Huronian  schist. 

TH£  VBBHILION  LAKE  IRON  DISTRICT. 

At  the  time  of  the  explorations  in  the  Mesabi  Iron  range  in  1875, 
attention  was  called  to  the  iron  near  Vermilion  lake,  and  some 
preliminary  exploration  was  made  there.    Although  the  full  extent 
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of  the  deposit  was  not  discovered,  enough  was  seen  to  warrant  a 
favorable  report,  and  many  samples  were  brought  back  and  an- 
alyzed with  results  as  follows: 
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These  samples  were  obtained  from  what  was  afterwards  ascer- 
tained to  be  T«  62,  R.  15  W.,  I)o.  1  being  from  section  27,  No.  2 
from  section  28,  No,  8  from  section  33,  and  No.  4,  an  average  of 
all  the  samples  obtained.  On  account  of  the  depression  in  the  iron 
market  nothing  further  was  done  in  the  matter  until  1880,  when 
an  exhaustive  examination  of  the  whole  district  was  made. 

The  belt  of  iron  ore  is  well  defined  where  exposed,  and  numerous 
trenches  were  made  to  show  it  where  it  was  covered  up  with  the 
superficial  layer.  The  ore  is  found  as  usual  in  connection  with 
jasper  and  quartzyte,  and  in  many  cases  presents  well  defined  walls 
of  slate.  It  is  intimately  bedded  with  the  rocks  of  the  country,  and 
stands  so  nearly  perpendicular  that  it  was  difficult  to  ascertain  the 
true  dip,  but  as  the  result  of  many  observations  it  was  thought  to 
incline  slightly  to  the  south.  The  trend  is  generally  east  and  west, 
though  this  varies  from  point  to  point.  The  rock  strata  are  very 
much  folded  and  contorted  showing  evidence  of  great  geological 
disturbance.  The  topography  of  the  country  resembles  in  a  marked 
degree  other  Huronian  iron  regions,  the  general  characteristics 
being  low  hills,  and  short  ridges  without  regularity,  separated  by 
swamps  and  small  lakes.  Often  the  rock  ledges  are  exposed,  some- 
times forming  perpendicular  cliffs,  and  these  have  served  to  deter- 
mine the  general  details  of  the  surface;  but  there  are  masses  of 
earth  and  gravel  in  many  places,  which  modify  and  alter  the  to- 
pography to  a  considerable  extent,  some  of  the  ridges  being  entirely 
composed  of  such  material.  The  evidence  of  glacial  action  is  also 
very  marked,  the  rocks  being  worn  and  polished  in  many  places, 
the  grooves  and  striations  having  the.  general  direction  S.  10^  W. 
The  prevailing  rocks  are  the  slates  and  schists  found  in  other 
Huronian  areas  in  connection  with  iron  ore  beds. 

11 
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As  developed  by  the  exploration  there  seem  to  be  two  principal 
deposits  of  ore,  running  nearly  east  and  west,  and  about  a  mile 
apart.  The  more  northern  one,  nearest  the  lake,  and  upon  which 
are  located  the  Stone,  Tower,  Stuntz  and  Ely  mines  of  the  Minne- 
sota Iron  Co.,  has  a  total  length  of  nearly  a  mile,  continuing  from 
the  eastern  part  of  section  28;  nearly  across  section  27.  The  out- 
crop was  seen  on  the  surface  in  many  places,  and  by  trenching  the 
whole  width  of  the  bed  was  exposed  wherever  practicable,  until  the 
fact  was  demonstrated  that  the  deposit  is  one  of  great  magnitude, 
rivaling  those  of  Marquette  and  Menominee.  The  following  table 
shows  the  width  of  ore  on  the  surface,  the  average  per  cent,  of  iron 
in  samples  taken  all  across  the  bed  without  any  sorting,  and  the 
character  of  the  ore  at  the  various  places. 


Mark. 

Width  of  bed. 

Per  cent,  of  iron.       CSiaracter. 

1 

30  feet 

59.98 

Bright,  hardyspeoalar. 

2 

30 

4t 

54.29 

«4 

3 

38 

<i 

56.45 

«< 

4 

35 

<< 

59.58 

Soft  hematite. 

5 

16 

« 

c< 

6 

18 

« 

« 

7 

35 

iC 

5821 

Bright,  hard,  specalar. 

8 

16 

<t 

«( 

9 

17 

it 

60.47 

u 

10 

44 

(i 

61.84 

•( 

11 

10 

<i 

It 

12 

10 

if 

11 

13 

15 

u 

(( 

14 

68 

u 

59.87 

ft 

15 

10 

tt 

u 

16 

10 

u 

It 

17 

30 

« 

50.27 

(C 

18 

11 

u 

u 

At  some  of  these  points  the  ore  is  very  pure  and  free  from  ad- 
mixture of  rock,  and  needs  little  sorting.  At  others  there  are 
several  seams  of  slate  and  jasper  included  in  the  sample,  which 
would  be  sorted  out  in  actual  mining  operations. 

A  description  of  one  of  these  exposures  will  show  the  great  simi- 
larity of  the  deposits  to  those  of  northern  Michigan.  At  the  one 
marked  3,  for  instance,  the  cross  section  is  as  follows,  beginning  at 
the  North  side : 

6  feet,  ore. 

10  feet,  ferruginoas  slate. 

7  feet,  ore. 

8  feet,  slate. 
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6  feet,  jaspery  ore. 
18  feet,  ore 

20  feet,  lean  ore. 

13  feeti  brownish  talcoee  schist. 

32  feet,  banded  jasper. 

7  feet,  ferrnginouB  slate. 

The  swamp  water  preyented  further  exploration  at  either  end. 
At  9  the  ridge  is  abruptly  terminated  by  a  cliff  of  the  presnt, 
brightest  and  hardest,  steely  looking  ore,  making  the  finest  display 
in  the  district.  The  walls  of  the  ore  deposit  are  here  clearly 
marked,  being  slate  on  the  south  and  jasper  on  the  north  side. 
The  end  of  the  ridge  was  found  completely  covered  with  huge 
blocks  of  pure  ore  for  a  distance  of  100  feet,  which  had  been  broken 
off  and  thrown  down  by  the  elements. 

An  average  sample  made  from  all  the  specimens  taken  from  this 
belt  was  analyzed  with  the  following  results  : 

Silica,  5.65  per  cent. 

Iron,  68.31         •* 

Alumina,  9.96         *' 

Lime,  0  65 

Manganese  oxide,  0.20        '* 

Sulphur,  0.14         " 

Phosphorus,  0.065       '' 

Oxygen,  26.08        " 

Total  99.866       *< 

This  percentage  of  iron  is  very  high  when  we  consider  that  all 
eeams  of  quartz,  jasper  and  slate  occuring  in  the  beds  were  inclu* 
ded  in  the  sample.  Analysis  of  a  sample  picked  from  the  richer 
pieces,  carefully  excluding  all  that  showed  any  rock,  showed  69.17 
per  cent,  of  iron. 

The  other  principal  deposit  of  the  district  is  in  section  33,  where 
the  exposures  can  be  followed  for  a  distance  of  nearly  half  a  mile. 
The  general  description  given  above  will  suffice  for  this  deposit, 
though  the  widest  surface  exposure  is  found  here.  At  one  place 
the  writer  walked  forty  steps  across  the  outcrop  of  the  bed  which 
«taads  as  before  nearly  perpendicular.  An  average  sample  for  a 
width  of  120  feet,  gave  57.04  per  cent,  of  iron.  The  followiug 
table  shows  some  of  the  measurements  and  percentages  : 


Mark. 

Width  of  hed. 

Percent  of  iron. 

Character. 

19 

26 

<i 

64.88 

Hard  specular. 

20 

18 

*» 

(f 

21 

5 

(t 

62.82 

u 

22 

120 

ii 

67.04 

•t 

23 

14 

u 

&2.4a 

t( 

24 

26 

(1 

54.70 

Ii 

26 

IH 

(t 

<( 
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The  ore  of  this  deposit  is  more  streaked  with  white  quartz  than 
that  of  the  other  belt,  and  consequently  does  not  show  so  high  a 
percentage  of  iron.  A  partial  analysis  of  an  average  from  all  the 
samples  obtained  from  here  gave  the  following  results. 

Silica 11.63 

Iron 55  86 

Sulphur trace 

Phoephoros 0.034 

The  percentage  of  phosphorus  is,  however,  very  small,  making 
it  a  true  Bessemer  ore,  and  it  can  easily  be  sorted  to  high  grade.  A 
sample  of  sorted  ore  was  made  from  each  deposit  and  analyzed  with 

results  as  follows : 

1  2 

Silica 3.39  3.89 

Iron 6693  66.43 

Alumina. 0.74  0.85 

Lime 0.08  trace 

Phosphorus 0.011  0.006 

Sulphur 0.01  none 

Oxygen 28.695  28.477 

Total 99.856  99.653 

No.  1  is  from  the  northern  belt,  and  No.  2  from  the  southern. 
It  seemed  desirable  to  ascertain  the  geological  relations  of  the 
rocks  of  this  district,  and  rock  samples  were  carefully  taken,  many 
of  which  were  subjected  to  examination  in  thin  section  under  the 
microscope  by  polarized  light.  The  most  common  rock  of  the  re- 
gion, and  the  ore  in  which  the  quartz  veins  formerly  worked  for 
gold  are  found,  is  a  sericitic  quartz-schist.  It  is  aphanitic,  dark- 
gray  in  color,  not  very  hard,  and  with  a  sharp-edged  fracture.  Nofe 
thinly  schistose,  and  effervesces  in  acids.  Under  the  microscope  it 
is  an  excessively  fine-grained  rock,  with  a  ground-mass  of  minute 
quartz  particles.  There  is  a  felt-like  mass  of  sericite  fibres  all 
through  the  ground-mass,  which  are  very  close  together  and  run 
in  a  common  direction,  but  are  more  or  less  interwoven.  Numer- 
ous particles  of  calcite  are  seen,  and  some  magnetite. 

A  series  of  samples  from  the  south  of  the  ore,  represents  a  highly 
altered  mica  schist,  with  sericite  prevailing  in  the  ground-mass. 
Porphyritic  quartzes  and  fine  quartz  crystals  are  often  seen  in  the 
ground-mass.  Some  of  the  sections  show  an  abundance  of  chlo- 
rite. Hematite,  limonite  and  magnetite  are  present  as  accessories, 
some  specimens  being  red-stained  by  the  iron.  There  are  also  some 
peculiar  aggregations  of  brownish  and  blackish  particles  which 
may  represent  some  original  constituent,  possibly  andalnsite  or 
staurolite. 
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The  samples  of  slates  intercalated  with  the  ore  were  found  to  be 
the  same  sericite  schists,  but  more  completely  replaced  by  iron 
oxide,  which  reddens  and  permeates  the  rocks.  In  some  cases 
this  replacement  is  so  complete  as  to  constitute  beds  of  soft  hema- 
tite. 

The  rocks  north  of  the  ore,  between  it  and  the  lake,  are  mostly 
these  same  schists  but  not  so  much  altered.  Some  of  the  speci- 
mens are  still  dark  colored,  and  not  mach  altered.  Others  are  a 
mere  clay.  Banded  jasper  is  also  found  in  abundance,  and  also 
something  closely  resembling  novaculite.  A  very  siliceous  lime- 
stone is  found  in  many  places  exactly  similar  to  one  common  in 
the  Huroniau  of  Michigan  and  Wisconsin.  Its  best  development 
at  Vermilion  is  at  Ely  island. 

At  one  point  in  the  eastern  part  of  section  27,  there  is  a  break 
in  the  continuity  of  the  ore  deposit  where  a  small  stream  runs 
south  into  the  swampy  ground  south  of  the  ore*  On  the  east  side 
of  the  small  ravine  caused  by  the  stream,  the  ore  is  in  place,  show- 
ing a  width  of  SO  feet,  but  on  the  west  side  it  was  not  found. 
Every  change  in  the  rocks  was  carefully  noted  and  samples  were 
taken  throughout  the  length  of  the  ravine,  crossing  the  line  of  the 
ore  and  continuing  several  hundred  feet  south  of  it,  and  north  of 
it  to  the  lake.  The  rocks  were  found  to  be  largely  the  same  seri- 
cite schists,  showing  under  the  microscope  folia  of  sericite,  and 
quartz,  in  the  ground-mass;  porphyritic  quartzes  with  crystalline 
outlines;  brown  opaque  particles  as  before;  and  chlorite.  Some  are 
magnetitic  quartz-schists  exactly  similar  to  those  of  Mesabi.  One 
section  in  particular  shows  a  ground-mass  of  minute  closely  fitting 
angular  quartz  particles  composing  most  of  the  rock.  Magnetite 
is  abundant  in  this  specimen,  in  many  square  and  rhombic  sections. 
The  red  color  of  some  of  them  is  due  to  the  presence  of  red  oxide 
of  iron.  Particles  of  specular  hematite  are  also  seen.  As  at  Mesabi 
there  is  a  small  quantity  of  hornblende.  Besides  these  sericitic 
and  magnetitic  schists,  and  the  banded  jasper  and  specular  iron, 
very  fine  granular  quartzy  tes  were  found.  In  one  specimen  of  this 
kind  thefre  was  seen  quartz  in  very  close-fitting  angular  particles^ 
composing  most  of  the  rock;  magnetite  in  minute  particles,  often 
distinctly  outlined,  and  films  of  real  oxide  of  iron  among  the  par- 
ticles of  quartz.  Some  altered  quartziferous  porphyries  were  also 
found  near  the  lake.  These  are  of  a  grayish  color  and  much 
weathered.  They  are  aphanitic,  non-schistose  and  with  porphyritic 
glassy  quartz  crystals.    Under  the  microscope  they  show  the  char- 
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acteristics  of  altered  porphyries,  tlie  ground  mass  being  largely 
kaolinized,  though  the  original  fehitic  character  can  still  be  clearlj 
made  out.  Another  quartzyte  found  in  section  22  in  consider- 
able masses  is  white  and  granular.  Under  the  microscope  it  ex- 
hibits large  quartz  and  feldspar  particles,  buried  in  a  matrix  of  the 
same  materials,  and  may  be  of  fragmental  origin. 

The  above  describes  all  the  Tarieties  of  rock  collected  in  the  town 
where  the  iron  is  found.  The  next  town  east,  T.  62,  R.  14  W.,  was 
carefully  looked  over  for  the  continuation  of  the  ore  deposit,  but 
it  was  not  found.  This  town  is  very  much  cut  up  with  small  lakes 
and  swamps,  but  many  rock  exposures  were  found  and  samples 
taken,  particularly  from  sections  9,  11, 15, 16,  17  and  19.  Those 
brought  back  consisted  of  light  colored  granite,  aphanitic  dark 
grey  slate,  black  aphanitic  quartz-magnetite  schists,  the  amount  of 
magnetite  varying  in  different  specimens,  sericitic  quartz-schists, 
jaspery  rocks,  and  fine-grained  quartzytes.  One  of  the  latter  ap* 
pears  as  follows  under  the  microscope.  Quartz  in  fine  particles 
which  are  angular  and  interlocked;  magnetite  and  red  oxide  of  iron 
in  patches,  and  pyrite,  while  veins  filled  with  chlorite  and  epidote 
intersect  the  specimen. 

In  section  2  of  the  same  tow]i  about  three  miles  north  of  the  line  . 
of  the  ore  beds,  rocks  of  a  very  different  character  are  found.  They 
are  more  chloritic,  of  a  decidedly  greenish  color,  and  schistose  in 
character.  There  are  also  greenish  aphanitic  slates  and  banded 
magnetitic  cherts,  resembling  in  every  particular  the  Laurentian 
rocks  found  in  connection  with  the  iron-bearing  Huronian  rocks  of 
the  south  shore.  In  T.  63,  R.  13,  similar  rocks  were  found  which 
bear  a  very  close  resemblance  to  the  Laurentian  rocks  just  men- 
tioned, one  being  a  greenish  aphanitic  schist,  and  another  a  medium 
grained,  dark  greenish  semi-schistose  and  highly  crystalline  rock. 
Another  is  seen  under  the  microscope  to  be  a  dioryte,  consisting  of 
hornblende  and  oligoclase  as  the  only  important  constituents,  and 
in  nearly  equal  proportions.  The  hornblende  is  in  large  ragged- 
edged  green  sections,  while  some  of  the  feldspars  are  much  alter- 
ed. There  is  some  epidote  as  an  alteration  result,  in  clusters  of 
round  grains,  with  apatite  and  magnetite  in  minute  quantity. 

Besides  a  careful  examination  of  the  iron-bearing  rocks,  the  so- 
called  gold  deposits  were  looked  over.  Specimens  were  collected 
from  many  quartz  veins,  on  some  of  which  mines  were  formerly 
located,  and  all  were  carefully  assayed.  It  is  hardly  necessary  to 
say  that  not  a  trace  of  gold  was  discovered.    No  true  iron  pyrites 
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was  foand,  but  all  was  of  that  form  known  as  pyrohotine,  or 
magnetic  pyrites.  Among  the  many  samples  of  pyrites,  from  all 
parts  of  the  country,  assayed  for  gold  at  the  laboratory  of  Hamil- 
ton College,  not  one  containing:  magnetic  pyrites  has  shown  any 
gold,  and  so-called  gold  mines  have  been  condemned  at  once  when 
the  character  of  the  pyrites  was  recognized,  subsequent  assay  always 
corroborating  the  opinion.  It  was  therefore  not  a  matter  of 
surprise  that  these  '*gold  ores^*  did  not  contain  any  gold. 

A  careful  study  of  the  region  above  described,  and  of  the  rocks 
and  ores  brought  out,  forces  on  the  writer  the  conviction  that  this 
deposit  of  iron  is  the  representative  on  the  north  shore,  of  the 
Michigan  and  Wisconsin  iron  deposits.  There  can  be  no  doubt 
that  the  regions  described  belong  to  the  Huronian.  The  rocks  are 
many  of  them  typical  Huronian  rocks,  and  the  whole  Mesabi  dis- 
trict presents  such  a  strong  likeness  to  the  Penokee  in  all  particu- 
lars as  to  make  its  identity  indisputable.  That  the  Vermilion  de- 
posits are  simply  a  continuation  of  the  same  formation  seems  also 
to  be  a  fact.  The  intricate  foldings  of  the  strata  account  for  their 
vertical  position,  and  the  rocks  are  so  nearly  like  those  of  Mesabi 
and  bear  such  similar  relations  to  the  Laurentian  (granites  and 
slates,  as  to  convince  one  of  their  identity.  The  peculiar  replace- 
ment of  the  schists  by  red  oxide  of  iron,  forming  beds  of  soft 
hematite  entirely  similar  to  certain  deposits  found  at  Marquette, 
and  the  very  siliceous  limestone  common  in  this  region,  and  simi- 
lar in  character  as  well  as  in  mode  of  occurrence  to  beds  found  in 
Marquette,  Penokee  and  Menominee,  are  facts  with  a  plain  signifi- 
cation. 

The  geological  similarity  of  the  Vermilion  iron  deposits  to  those 
of  Marquette,  is  the  impressive  fact  to  be  noticed  by  the  people  of 
Minnesota,  and  it  is  safe  to  predict  the  development  there  of  an 
iron  district  of  immense  value  and  importance. 

This  paper  should  not  be  closed  without  an  expression  of  thanks 
to  professor  Roland  D.  Irving,  of  Madison,  Wis.,  to  whom  all  the 
rocks  were  sent  to  be  examined,  and  whose  notes  on  these  exami- 
nations were  placed  freely  at  the  service  of  the  writer.  Thanks 
are  also  due  to  Mr.  George  G.  Stone,  of  St.  Paul,  General  Manager 
of  the  Minnesota  Iron  Co.,  who  planned  the  expeditions,  and  aided 
in  every  way  to  their  successful  completion;  and  to  the  veteran 
surveyor,  explorer  and  geologist,  Mr.  George  R.  Stuntz,  whose  ex- 
perience in  all  these  lines  was  invaluable. 

HamUton  CoUege,  July  Uth,  1883. 
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NOTE  ON  THE  AGE  OF  THE  ROCKS  OF  THE 
MESABI  AND  VERMILION  IRON 
DISTRICTS. 


BY  N.  H.  WINOHELL. 


In  the  report  for  1878  (p.  10)  the  rocks  of  the  iron-bearing 
belts  of  Vermilion  lake  and  of  the  Mesabi  range  were  parallelized 
with  the  Gunflint  beds  of  the  northern  boundary,  the  latter 
being  the  lowest  portion  of  the  great  slate-and-qaartzyte  group 
which  had  before  been  designated  the  Animikie  group  by  Dr. 
T.  Sterry  Hunt. 

In  the  report  for  1880  (p.  81)  the  Gunfiint  beds  are  stated  to  be  a 
graduation  downward  of  the  slate-and-quartzyte  group;  and  in  the 
same  report  (p.  82)  the  slate-and-quartzyte  group  is  described  as 
overlying  unconformably  (apparently)  another  formation  made  up 
of  greenish  schists,  entirely  a  distinct  formation,  the  two  being 
separated  by  a  conglomerate  or  conglomerate-breccia,  the  lower 
formation  being  supposed  to  be  that  which  has  been  styled  the 
Huronian  by  the  Canadian  geologists.  This  greenish  magnesian 
schistose  formation  is  traced,  through  some  Tariation,  west- 
ward along  the  strike  of  the  formation  as  far  as  the  east  end 
of  Basswood  lake  and  to  the  Pipestone  rapids  (p.  91),  one  of 
its  chief  localities  being  at  the  mouth  of  the  Kawasachong  river.  It 
perhaps  extends  to  Vermilion  lake  (p.  95),  and  occupies  the 
central  portion  of  the  lake,  including  Ely  island.  But  the  rocks  at 
the  south  end  of  the  lake  are  apparently  of  the  slate-and-quartzyte 
group,  which  here  exhibits  a  true  slaty  structure  (p.  97,  Nos.  389- 
894);  while  those  at  the  north  end  consist  of  a  mica-schist,  embracing 
lenticular  masses  of  granite  (p.  100.)      In  the  same  report  the  iron 
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ore  of  the  Vermilion  lake  district  is  stated  to  be  in  the  horizon  of 
the  Gunflint  beds,  and  to  lie  directly  on  the  foregoing  supposed 
Huronian  schists,    (p.  103-4.) 

In  the  report  for  1881  (p.  95)  various  considerations  are  men- 
tioned that  go  to  show  that  the  slate-and-quartzyte  group  of  the 
northern  boundary  becomes  the  tilted  slates  and  gray  quartzytes  of 
Ogishke  Muncie  lake,  and  of  the  region  of  Thomson  on  the 
St.  Louis  river;  and  also  that  there  is  a  red  granite  overlying  the 
slate-and-quartzyte  group  north  from  Grand  Marais  (pp.74-79),  as 
well  as  in  the  region  south  from  Ogishke  Muncie  lake  (pp.  99-102.) 
In  the  same  report  the  slate-and-quartzyte  group  (the  Animikie)  is 
parallelized  with  the  Taconic  group  of  professor  Emmons  (p.  135). 

In  the  geological  reports  of  Wisconsin,  issued  recently  by 
professor  Chamberlin,  the  rocks  of  the  Penokee  iron  range  have 
been  classed  as  Huronian  by  professor  Irving  {Creol.  of  TFVs.,  vol. 
iii.;  p.  104.)  The  same  reports  have  referred  the  Thomson 
slates  and  quartzytes  of  Minnesota  to  the  Huronian  (vol.  iii., 
plate  IX.),  as  well  as  the  red  quartzytes  and  felsytes  of  central 
Wisconsin.  Professor  Irving  has  also,  more  lately,  stated  unquali- 
fiedly and  without  reserve  that  the  Animikie  rocks  of  the  north- 
ern boundary  are  Huronian.    (Science,  May  4, 1883.) 

In  Michigan,  major  Brooks  has  placed  the  Marquette  iron-bear-  * 
in^  rocks  in  the  Huronian  {Oeol.  Sur.  of  Mich.y  vol.  i.;  p.  66)  and 
has  described  (Table  iii.,  Geol.  of  Wis.^  vol.  iii.;  p.  450)  the 
'^newest  Huronian,^^  as  consisting  of  a  red  granite;  and  Dr.  G. 
Rominger  has  described  a  conversion  from  horizontal  slates  to 
tilted  slates,  similar  to  that  above  referred  to  as  probable  in  Minne- 
sota, the  two  having  been  regarded  before  as  different. 

Quite  recently  Dr.  T.  S.  Hunt,  in  a  paper  on  the  Taconic  qties- 
tian  in  geology^  published  in  the  Transactions  of  the  Royal  Society 
of  Canada^  has  not  only  maintained  the  Taconic  age  of  the  Animi- 
kie rocks  but  has  adopted  their  supposed  conversion  into  the  tilted 
slates  and  quartzytes  suggested  by  the  writer  in  1881,  and  extends 
them  southwestward  to  Thomson  on  the  St.  Louis  river,  where  he 
states  that  by  the  aid  of  Dr.  J.  W.  Dawson  he  has  discovered  a  fos- 
sil keratose  sponge  in  some  dark  calcareous  concretions. 

If  all  these  facts  and  opinions  be  brought  to  bear  on  the  inter- 
pretation of  the  stratigraphy  of  northern  Minnesota,  while  they 
cannot  all  be  reconciled  so  as  to  make  perfect  harmony,  the  most 
probable  result,  in  the  opinion  of  the  writer,  would  be  as  follows,  in 
descending  order: 
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Potsdam 
formation. 


(Tilted  red  sandstones,  shales  and  conglomerates, 
changed  by  igneous  gabbros  anddolerytes  locally  to 
redquartzytes,  felsytes,  quartz-porphyries  and  to  red 
granite.  The  Ee weenian,  and  the  Huronian  in  part, 
i 


Taconic 
gronp. 


< 


in  Wisconsin. 

Horizontal  black  slates  and  gray  quartzy tes,  with 
interbedded  limestones  and  diorytes  (the  Animikie 
group,)  changed  to  tilted  slates,  quartzy  tes,  iron  ores, 
and  siliceous  marble.  The  Qunflint  beds,  the 
Mesabi  iron  rocks,  the  Ogishke  Muncie  conglom- 
erate (?),  the  Thomson  slates  and  quartzytes,  the 
Vermilion  iron  rocks; — the  Huronian  in  part,  .1 
^  Wisconsin  and  Michigan. 

f  Magnesian,  greenish>  soft  schists,  becoming  syen- 
I  itic  and  porphyritic.  Seen  on  the  north  side  of 
<  Gunflint  lake,  along  the  international  boundary 
at  Basswood  lake,  and  at  Vermilion  lake.  The  Hu- 
[.ronian  in  part,  in  Wisconsin  and  Michigan. 

Mica  schists,  and  micaceous  granite,  the  latter 
lenticular  within  the  former,  at  the  outlet  of  Ver- 
milion lake— probably  also  at  "Granite  City"  in  Mor- 
rison county,  and  at  Pike  rapids  on  the  Missis- 
sippi. The  Huronian  in  part,  in  Wisconsin  and 
Michigan. 

^Massive  hornblende  gneiss,  gray  to  nearly  white, 

1  rarely  reddish.  The  international  boundary  north 
of  Gunflint  lake  to  Saganaga  lake  and  westward; 
also  probably  the  Watab  and  Saint  Cloud  '^gran- 


Huronian 
group? 


MontalbanP 
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CHEMICAL  ANALYSES. 


REPORT  OP  PROP.   J.   A.  DODGE. 


CHEMICAL  LABORATORY,  UNIVERSITY  OP  MINNESOTA, } 

Minneapolis,  Noy    28, 1883.  ) 

Prof.  N.  H.  Winchell: 

Dear  sir  :  I  herewith  report  the  following  analyses  of  minerals 
and  waters  for  the  geological  suryey. 

Chem.  series^  No.  84.  A  dark  brown  rock,  with  fossils,  and  a 
concretionary  appearance.  This  was  tested  at  your  request,  for 
phosphoric  acid.    No  phosphoric  acid  was  found. 

Chem.  series^  No.  85.  A  reddish  concretionary  mineral,  in  small 
lamps,  appearing  like  a  zeolite.  The  sample  taken  for  analysis 
was  selected,  after  partly  breaking  up  the  lumps,  so  as  to  be  as  ho- 
mogeneous as  possible.    Its  composition  was  as  follows: 

Oxygen  ratios. 
Silica,  62.73  per  cent.       83.45  14.61 

Alumina,  18.62    •*      "  6.35 )   ^  ni       q  ha 

Oxide  of  iron,  ^  ""^    "      "  i;o  1-  6.87       3.00 

Lime, 
Maffneua, 

Potash, 

Water  12.25    **      "  10.89'  4.71 


Oxygen. 

62.73  per 

cent. 

33.45 

18.62  •• 

6.35) 
.52 

1.75  " 

5.87  " 

1.67' 

0.65  " 

.26 

1.83  ** 

.48  ' 

0.68  •* 

•11- 

12.25  •* 

10.89 

2.52       1.10 


99.88 
The  composition  seems  to  bring  this  mineral  under  the  species 
mardenUe. 
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Chem.  series^  No.  86.    A  nearly  white,  concretionary,  zeolitic 
mineral.    Composition  as  follows: 


Oxygen.                < 

Oxygen  ratios. 

Silica, 

47.25  per 

cent. 

25.19 

6.47 

Alumina, 
Oxide  of  iron, 

24.78    '* 
0.48    " 

ll-f4[n.68 

3.00 

Lime, 

1.23    " 

:35i 

.281  4.52 

Magnesia, 

0.71    *' 

1.16 

Soda, 

15.05    ** 

3.19) 

Potash, 

traces.    ** 

Water, 

10.37    " 

9.22 

2.37 

99.87 
The  composition  seems  to  refer  this  mineral  to  the  species  nat- 
rolite. 

ANALYSES  OF  A  SERIES  OF  WATERS. 

Chem.  series^  No.  126.  Analysis  of  water  from  the  Red  river 
of  the  North  at  St.  Vincent,  collected  Jane  10th,  1882;  analyzed  in 
first  part  of  September,  1882,  having  been  in  the  mean  time  kept 
in  glass  bottles. 

Cmnposition  of  residue  from  evaporation. 


Parte  to  1,000,000.. 

Percentage. 

Grains  per  gallon 

ilica. 

13.0 

4.6 

0.75829 

Oxide  of  iron  and  alumina. 

1.0 

.4 

0.05833 

Carbonate  of  lime, 

97.8 

34.3 

5.70467 

Sulphate  of  lime. 

35.7 

12.6 

2.08238 

Nitrate  of  lime. 

1.1 

.4 

0.06416 

Carbonate  of  magnesia, 

81.9 

28.7 

4.77723 

Phosphate  of  litaia. 

.6 

.2 

0.03499 

Sulphate  of  potash, 

8.7 

3.1 

0.50747 

Nitrite  of  potash. 

traces. 

Bromide  of  potassium. 

traces. 

Sulphate  of  soda, 

21.7 

7.6 

1.26576 

Chloride  of  sodium. 

22.9 

8.1 

1.33576 

284.4  100.0  16.58904 

Iodine  was  found  to  be  absent.  A  test  for  organic  matter  was 
made  by  the  permanganate  method  (Tidy's).  The  oxygen  required 
for  oxidation  was  3.5  per  million.  The  hardness  was  found  to  be 
19  degrees  of  Wanklyn's  scale.  The  water  is  notable  for  its  hard- 
ness, owing  to  the  sulphate  of  lime  and  the  carbonates. 
The  above  analysis  was  made  by  Wm.  A.  Noyes. 
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Chemical  series^  No.  127.  Analysis  of  water  from  the  Red  river  of 
the  North  at  Fergus  Falls;  collected  in  June,  1882,  analyzed  in 
Sept.,  1882. 


CompesUion 

Parts  to  1,000,000. 

Percentage. 

Grains  per  gal. 

Silica, 

14.8 

7.0 

0.83412 

Alamina  and  oxide  of  iron,           1.2 

.6 

0.06999 

Carbonate  of  lime, 

101.0 

50.0 

5.89133 

Carbonate  of  magnesia. 

71.4 

35.4 

4.16476 

CarbonotA  of  lithia, 

traces. 

Carbonate  of  potash, 

4.2 

2.1 

0.24919 

Bromide  of  potasainm, 

traces. 

Nitrate  of  potash. 

traces. 

Nitrite  of  potash. 

traces. 

Carbonate  of  soda, 

5.8 

2.8 

0.83831 

Sulphate  of  soda, 

1.8 

.9 

0.10499 

Chloride  of  sodiam. 

2.3 

1.2 

0.13456 

Total,  202.0  100.0  11.78725 

Iodine,  absent;  phosphoric  acid,  traces.    Test  with  permanganate 
(Tidy's),  showed  1.4  parts  oxygen  consumed  by  organic  matter  per 
million  parts  water.    The  hardness  was  found  to  be  9.5  degrees. 
Analyzed  by  Wm.  A.  Noyes. 

Chemical  series  No.  128.    Analysis  of  water  from  Heron  lake  ; 
collected  in  June,  1882 ;  analyzed  in  Sept.,  1882. 


Parts  per  1,000,000. 

Percentage. 

Qrains  per  ml. 

Silica, 

7.1 

2.6 

0.41414 

Alnmina  and  oxide  of  iron. 

1.7 

.6 

0.09916 

Carbonate  of  lime. 

102.7 

37.7 

5.99049 

Sulphate  of  lime. 

47.9 

17.6 

2.79241 

Nitrate  of  lime, 

5.0 

1.8 

0.29165 

Carbonate  of  magnesia. 

76.3 

28.0 

4.46058 

Carbonate  of  lithia, 

traces 

Sulphate  of  potash, 

8.0 

3.0 

0.46664 

Nitrite  of  potash. 

traces 

Sulphate  of  soda, 

18.5 

6.8 

1.07911 

Chloride  of  sodium, 

5.1 

1.9 

0.29748 

Total,  272.3  100.0  15.88166 

Iodine,  absent;  bromine,  absent;  phosphoric  acid,  absent. 

Test  with  permanganate  showed  2.6  parts  oxygen  consumed  by 
organic  matter  per  1,000,000  water. 

Hardness,  32  degrees.  The  water  is  notable  for  ezcessiye  hard- 
ness, due  to  sulphate  of  lime  and  carbonates  of  lime  and  magnesia. 

Analysis  by  Wm.  A.  Noyes. 
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Chem,  series^  No.  129.     Analysis  of  water  from  Pigeon  river 
falls  ;  collected  in  Aug.,  18^2  ;  analyzed  in  Sept.,  1882. 

Campositian  of  residue  from  ttaporoAum. 

Parts  per  1,000,000    Percentage.       Qrains  per  gal. 

7.9  119  nilOQft 


Silica, 

7.2 

U.2 

0.41998 

Alumina  and  oxide  of  iron, 

.8 

1.6 

0.04666 

Carbcnaieof  lime, 

28.0 

45.2 

1.84159 

Carbonate  of  magnesia. 

10.2 

20.0 

0.69497 

Carbonate  of  lithia, 

traces 

.7 

1.4 

0.04068 

Nitrate  of  potash, 

traces 

Sulphate  of  potash, 

2.0 

8.9 

0.11666 

Sulphate  of  soda, 

1.9 

8.7 

0.10923 

Chloride  of  sodium. 

5.1 

10.0 

0.29748 

50.9  2.96740 

Iodine  and  bromine,  absent;  nitrites,  absent;  phospbates,  absent; 
borates,  absent. 

Test  with  permanganate  showed  3.6  parts  oxygen  consumed  by 
organic  matter  per  1,000,000  water. 

Hardness,  3.3  degre^"^.    The  degree  of  hardness  is  low. 

Analysis  by  Wm.  A.  Noyes. 

Chem.  series^  No.  130.    Analysis  of  water  from  lake  Superior  at 
Grand  Mands  ;  collected  and  analyzed  in  Sept.,  1882. 
CwnjH>9Uion  tf  rendue  from  evaporation. 


Parts 

per  1,000.000. 

Peroentsige. 

Grains  per  fi:al 

SiUca. 

.5 

1.1 

0.02917 

Alumina  and  oxide  of  iron, 

traces. 

Carbonate  of  lime. 

30.8 

67.4 

1.79656 

Carbonate  of  magnesia, 

9.1 

19.9 

0.53080 

Carbonate  of  lithia. 

traces. 

Carbonate  of  potash^ 

1.9 

4.2 

0.11083 

Nitrate  of  potash, 

.2 

.5 

0.01167 

Nitrite  of  potash,          minute  traces. 

Carbonate  of  soda, 

.5 

1.1 

0.02917 

Sulphate  of  soda. 

.6 

1.3 

0.03499 

Chloride  of  sodium, 

2.1 

4.5 

0.12249 

Total,  45.7  100.0  2.66568 

Iodine  and  bromine,  absent ;  phosphates  and  borates,  absent. 
Test  with  permanganate  showed  0.35  parts  oxygen  consamed  by 
organic  matter  per  1,000,000  water. 
Hardness  3.5  degrees. 

The  water  is  remarkable  for  its  purity,  especially  organically. 
Analysis  by  Wm.  A.  Noyes. 
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Chem.  series.  No.  13 L     Analysis  of  water  of  artesian  well  at 
Oarman^  Polk  coanty,  October,  1882. 

Composition  of  residue  from  swuporoHon. 

Parts  per  1,000,000.    Percentaflre.    Grains  per  gsl. 

OHO.  R  7  1  KQQ 


Silica, 

26.2 

5.7 

1.529 

Alamina  and  oxide  of  iron, 

1.5 

.3 

.087 

Carbonate  of  lime. 

88.6 

19.4 

5.171 

Carbonate  of  ma^eaia, 

52.9 

11.6 

3.087 

Carbonate  of  lithia. 

traces. 

Carbonate  of  potash, 

11.5 

2.5 

.671 

Nitrite  of  potash, 

traces. 

Carbonate  of  loda, 

73.8 

16.2 

4.306 

Sulphate  of  Soda, 

47.5 

10.1 

2,773 

Borax, 

traces. 

Chloride  6f  sodinm, 

156.5 

84.2 

9.134 

Bromide  of  potassium, 

traces. 

Iodide  of  potassium, 

traces. 

Total, 

458.5 

100.0 

26.760 

Nitrates,  absent ;  phoisphates,  absent. 

Test  with  permanganate  showed  0.85  parts  oxygen 

consumed  by 

organie  matter  per  1,000,000  water. 

Hardness,  12.5  degrees. 

The  water  is  remarkable  for  the  large  amounts  of  carbonate  of 

soda  and  chloride  of  sodium. 

Analysis  by  Wm.  A.  Noyea 

1. 

Chem.  series^  No.  132.    Analysis  of  water  from  Minnesota  City, 

October,  1882. 

Composition  of  residue  from 

evaporation. 

Parts  per  1,000.000. 

Percentage. 

Grains  per  gal. 

Silica, 

16.3 

5.2 

0  .95078 

Alomina  and  oxide  of  iron, 

2.5 

.8 

0.14583 

Carbonate  of  lime» 

182.0 

57.7 

10.61606 

.  Carbonate  of  magnesia, 

104.3 

83.0 

6.08382 

Carbonate  of  lithia» 

traces. 

Carbonate  of  potash, 

1.6 

.5 

0.09333 

Sulphate  of  potash. 

.7 

.2 

0.04083     . 

Nitrite  of  potash, 

traces. 

Sulphate  of  soda, 

7.7 

2.4 

0.44914 

Chloride  of  sodinm, 

.5 

.2 

0.02917 

Total,  315.6  lOO.O  18.40896 

Iodine  and  bromine,  absent;  phosphates,  traces;  borates,  absent. 
Hardness  11.5  degrees. 
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The  sample  of  water  whose  analysis  is  above  given,  also  con- 
tained sulphuretted  hydrogen  gas.  A  second  sample  received  later 
gave  no  reaction  for  sulphuretted  hydrogen. 

Analysis  by  Wm.  A.  Noyes. 

Chem.  series,  No.  133.  Analysis  of  water  from  Rocic  river ;  col- 
lected and  analyzed  in  November,  1882. 

Composition  of  reMue  from  waporation. 

Parts  per  1,000,000.    Percentage.    Grains  per  gal. 

Silica,                                          21.0  7.6  1.22493 

Alumina,                                       1.0  .4  0.05833 

Oxide  of  iron.                                8.8  3.2  0.51330 

Carbonate  of  lime,                     136.0  49.6  7.93288 

SulpkateofUme,                         6.4  2.3   .  0.37332 
Nitrate  of  lime,                       traces. 

Carbonate  of  maimesia,              70.4  25.7  4.10643 
Phosphate  of  lithia,     minute  traces. 

Sulphate  of  potash,                       3.3  1.2  0.19249 

Sulphate  of  soda,                       25.6  9.3  1.49325 

Chloride  of  sodium,                      2.0  .7  0.11666 

Total,  274.5  ICO.O  16.01158 

Iodine  and  bromine,  absent ;  phosphates,  minute  trace ;  borates^ 
absent.  Test  by  permanganate  showed  1.1  parts  oxygen  consumed 
by  organic  matter  per  1,000,000  water. 

Hardness,  17  degrees. 

The  water  is  notable  for  the  large  amount  of  iron. 

Analysis  by  Wm.  A.  Noyes. 

Chemical  series^  No,  137.  An  oolitic  substance  of  a  brown  color, 
evidently  consisting  largely  of  oxide  of  iron.  On  further  examin- 
ation it  was  found  that  this  iron  compound  formed  the  superficial 
part  of  each  granule  in  the  mass,  while  the  interior  of  each  granule 
consisted  of  carbonate  of  lime.  The  substance  was  accordingly 
treated  as  follows.  After  pulverizing,  it  was  treated  with  cold  di- 
lute  hydrochloric  acid,  which  removed  the  carbonate  of  lime.  The 
remaining  brown  matter  was  washed  and  digested  in  strong 
hydrochloric  acid;  this  treatment  brought  all  into  solution  with  the 
exception  of  some  siliceous  matter  of  a  nearly  white  color.  The 
amount  of  iron  in  this  solution  was  determined.  The  amount  of 
combined  water  in  the  brown  matter  was  also  determined.  The 
results  of  these  determinations  are  here  given: 

Siliceous  matter 10.56  per  cent. 

Oxideofiron 71.36    "      " 

Water 11.98    "      ** 
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93.65  per 

cent. 

2.16    " 

II 

.25    " 

11 

.20    •• 

II 

.12    " 

tt 

traces. 

traces. 

2.25    " 
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The  oxide  of  iron  and  the  water  are  in  the  same  ratio  as  in 
limonite,  2FesOs  SHsO.  Hence  it  was  concluded  that  the  brown 
coatio|2^  on  the  grannies  of  the  oolitic  substance  was  limonite. 

Work  chiefly  done  by  W.  A.  Noyes. 

Chemical  series^  No.  138.  A  specimen  of  rock  from  Mankato, 
near  the  Red  Jacket  railroad  bridge,  as  stated  on  label. 

The  sample  was  of  a  nearly  white  color  and  fine-grained,  some- 
what friable. 

The  result  of  the  analysis  is  as  follows  : 

Silica, 

Alamina, 

Oxide  of  iron 

Lime, 

Magnesia, 

Potasaa, 

Soda, 

Water, 

98.62 
The  analysis  was  made  by  Mr.  G.  F.  Sidener. 

The  specimen,  as  indicated  by  the  label,  was  furnished  by  J.  G. 
Koller,  of  Mankato. 

Chemical  series^  No,  139.  A  specimen  of  rock  from  the  same  lo- 
cality as  the  last,  furnished  by  J.  Gt.  Koller  of  Mankato. 

The  sample  was  of  a  light  red  color,  fine-grained  and  somewhat 
friable. 

The  result  of  the  analysis  is  as  follows: 

Silica, 

Oxide  of  iron, 

Alomina. 

Lime, 

Magnesia, 

Potassa, 

Soda, 

Water, 

98.58 
The  analysis  was  made  by  C.  P.  Sidener. 

Chetnkal  series,  No,  140.  A  sample  of  a  loose  and  friable,  rather 
coarse-grained  sandrock  of  a  greenish  brown  color,  furnished  by 
Mr. Norton  from  a  point  in  the  western  suburbs  of  Minne- 
apolis in  proximity  to  certain  springs  highly  charged  with  iron. 

Only  a  partial  analysis  of  the  material  was  made.  The  material 
was  first  rubbed  to  a  state  of  loose  sand  with  water,  and  then  sub- 
12 


73.84  per 

cent 

5.45    " 

tk 

14.75    " 

<( 

.28    " 

i( 

.05    " 

(t 

traces. 

traces. 

4.71    " 

a 
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mitted  to  a  process  of  elutriatioft,  in  which  several  qaantities  of 
liquid  containing  finely  suspended  matter  were  obtained.  These 
were  permitted  to  subside,  the  sediment  still  retaining  to  some  ex- 
tent the  greenish  tinge  of  the  original  mass.  A  quantity  of  the 
finest  part  of  this  sediment,  after  being  air*  dried,  was  submitted  to 
a  partial  analysis.  It  lost  on  ignition  18.39  per  cent.,  water  and 
organic  matter.  The  remainder  was  found  to  contain  45.56  per 
cent,  oxide  of  iron,  the  balance  being  finely  divided  sand  and  clay. 

Microscopic  examination  of  the  same  subsided  matter  showed  a 
nearly  homogeneous  mass  of  very  fine,  rounded,  light-brown  par- 
ticles, with  here  and  there  greenish,  irregular,  flat  objects  which 
were  judged  to  be  portions  of  some  low  vegetable  growth. 

It  was  concluded  that  the  peculiar  color  of  the  mass  as  found 
was  due  to  the  vegetable  matter  distributed  over  and  through  it 
and  to  the  brown  oxide  of  iron,  and  not  to  any  special  mineral  sub- 
stance. 

Examination  of  this  substance  by  J.  A.  Dodge. 

Chemical  series^  No.  141.  Sample  of  the  water  of  lake  Minne- 
tonka. 

This  sample  of  water  was  taken  about  half  way  between  Excel- 
sior and  Morsels  island.  May  21st,  1883,  by  Mr.  Wm.  A.  Noyes. 
The  analysis  was  begun  immediately  and  was  completed  about  the 
first  of  June.    The  results  of  the  chemical  analysis  are  as  follows: 


Parts  per  million. 

Grains  per  gallon. 

Silica, 

4.8 

2.8 

Iron, 

traces. 

Calcium  carbonate, 

70.0 

4.088 

Magnesium  carbonate, 

27.7 

1.618 

Lithium  carbonate, 

traces. 

Potassium  nitrate, 

traces. 

Potassium  carbonate, 

4.5 

.263 

Sodium  carbonate, 

1.4 

.082 

Sodium  phosphate, 

traces. 

Sodium  chloride, 

1.3 

.076 

Borax, 

traces. 

Sodium  sulphate, 

traces. 

109.7  6.407 

The  amount  of  dissoWed  salts  is  on  the  whole  rather  small.      It 
is  remarkable  for  the  almost  total  absence  of  sulphates.    The  water 
was  also  found  to  be  very  pure  organically,  the  permanganate  test  of 
Forschammer  and  Tidy  indicating  yery  little  organic  matter. 
The  analysis  was  made  by  W.  A.  Noyes. 
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Chemical  series^  No.  142.  Sample  of  water  from  Hunter's  Hot 
Sprinj^,  Montana.  This  analysis  was  made  in  the  early  part  of 
Jane,  1883.    The  resalts  are  as  follows  : 


Parts  per  million. 

Grains  per  gallon. 

Silica, 

77.4 

4.517 

Alomina, 

1.2 

.070 

Oxide  of  iron, 

traces. 

Carbonate  of  lime, 

4.0 

.238 

Magnesiam  carbonate, 

traces. 

Lithiam  carbonate. 

traces. 

Potassium  carbonate, 

5.5 

.821 

Sodium  carbonate. 

150.6 

8.785 

Sodium  chloride, 

24.7 

1.442 

Sodium  bromide. 

traces. 

Sodium  iodide, 

traces. 

Sodium  sulphide, 

14.6 

.852 

Sodium  sulphate, 

10.4 

.607 

Sodium  phosphate. 

traces. 

Sodium  biborate  (borax). 

traces. 

288.2M) 

16.827    * 

The  analysis  was  made  by  W.  A. 

Noyes. 

Chemical  series^  No.  143.    Sample  of  a  spring  water  from  Ingle- 
wood  (west  of  Minneapolis),  furnished  by  Mr.  Geo.  P.  Bradbury. 
This  analysis  was  made  in  the  early  part  of  Jaly.      The  resalts 
are  as  follows: 

Parts  per  million.  Grains  per  gallon. 

SiUca,  20.9  1.22 

Oxide  of  iron  and  alumina  (the  latter  in  very  smaU  amount)f 

.2  .012 

Calcium  carbonate,  167.8  9.794 

Calcium  sulphate,  2.0  .117 

Calcium  nitrate,  minute  traces. 

Calcium  phosphate,  traces. 

Magnesium  carbonate,  80.4  4.693 

Lithium  carbonate,  traces. 

Sodium  sulphate,  8.3  .485 

Sodium  chloride,  1.8  .076 

Potassium  sulphate,  2.9  .169 

Total  determined,  283.8  16.566 

This  water  has  a  considerable  amount  of  salts  in  solution. 
Analyzed  by  W.  A.  Noyes. 

Chemical  series,  No.  144.  Sample  of  the  material  used  at 
Mankato  for  making  hydraulic  cement.  This  material  is  of  fine 
granular  texture,  and  of  a  very  light  grey  color. 
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The  powdered  substance  was  digested  in  hydrochloric  acid, 
whereby  the  greater  part  of  it  was  dissolved  with  effervescence  due 
to  the  escape  of  carbonic  acid  gas.  The  composition  of  the 
insoluble  and  the  soluble  portions  is  as  follows: 


Insoluble  in  HCl. 


Soluble  in  HCl. 


Silica, 
Alumina, 
Potash, 
Soda, 


Insoluble, 

Soluble, 

Water, 


16 
5 
traces, 
traceb. 

21.00 


per  cent, 
per  cent. 


Silica, 

Alumina, 

Oxide  of  iron, 

Calcium  carbonate,       40.00 

Magnesium  carbonate,  81.50 

Potash,  .22 

Soda,  .54 

Combined, 


traces. 

.85  per  cent. 
2.7i    " 


21.00  per  cent. 
75.84    "      '* 
.48    "      ** 


97.27 


The  soluble  portion  is  seen  to  be  mainly  carbonate  of  lime  and 
carbonate  of  magnesia,  with  some  oxide  of  iron,  while  the  in- 
soluble portion  is  silicate  of  alumina. 

Analysis  by  C.  F.  Sidener. 

Ohemical  series,  No.  145.  Sample  of  hydraulic  cement  made  at 
Maukato. 

This  material  was  found  to  effervesce  very  little  with  hydro- 
chloric acid.  It  was  accordingly  analyzed  as  a  silicate,  by  fusion, 
in  the  usual  manner.    The  result  of  the  analysis  is  as  follows  : 

Silica, 

Alumina, 

Oxide  of  iron, 

Lime, 

Magnesia, 

Potash, 

Soda, 

Water. 

Carbonic  acid. 


16.24 

per 

cent. 

5.85 

4.71 

38.53 

22.73 

1.81 

.57 

.51 

9.26 

99.71 


Analysis  by  C.  P.  Sidener. 


Chemical  series.  No.  146.    A  sample  of  clay  of  a  light  color,  com- 
pact  and  dry. 
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This  was  analyzed  by  fasion  in  the  usual  manner  for  silicates. 
The  result  of  the  analysis  is  as  follows  : 

Silica, 

Alumina, 

Oxide  of  iron, 

Lime, 

Magnesia, 

Pctash, 

Soda, 

Phosphoric  oxide, 

Water, 

Organic  matter, 

97.08 

The  material  i^  rather  remarkable  for  containing  so  much  pot- 
ash, which  probably  exists  in  it  in  the  form  of  finely  divided  potash 
feldspar. 

On  ignition  this  clay  changes  only  a  little  in  color,  becoming 
slightly  brownish. 
Analysis  by  C.  F.  Sidener,  mainly. 

Very  respectfully  yours, 

Jambs  A.  Dodge. 

NoTB.    The  foregoing  substances  were  derived  as  follows: 

No.  84.  Was  famished  by  Mr.  James  M.  Young.  It  was  from  the  drift,  and 
had  the  appearance  of  being  similar  to  thf".  phosphatic  nodules  derived  from  the 
Cretaceous  in  South  Carolina.  It  was  fonnd  at  the  main  Two  rivers,  in  Morrison 
county,  a  locality  where  the  Cretaceous  strata  are  known  to  exiat.  Mus.  Reg. 
Nc.  4711. 

No.  85.  Zeolitic  mineral  from  the  trap  rocks  of  the  north  shore  of  Lake 
Superior,  Sec.  29,  T.  57,6,  a  few  miles  west  of  Little  Marais.  It  is  number  634 
A,  of  the  geological  survey  series  of  crystalline  rocks.  Tenth  annual  report, 
p.  63, 

No.  86.  From  Beaver  Bay;  found  filling  thin  ^ams  in  ^the  feldspar  masses, 
from  one-fourth  to  one-half  an  inch  thick.  It  is  a  light  flesh-colored,  zeolitic 
mineral,  with  a  radiated  structure;  corresponds  to  No.  637  A,  of  the  series  for 
the  crystalline  rocks.    Tenth  annual  report,  p.  64. 

No.  1  *^6.  Water  from  the  Red  river  of  the  North,  at  Saint  Vincent.  Collected 
June  10,  1882,  by  Mr.  C.  P.  Sidener. 

No.  127.  Water  from  the  Red  river  of  the  North  at  Fergus  Falls.  Collected 
by  Mr.  Sidener,  June,  1882. 

No.  128.  Water  from  Heron  lake,  Jackson  county.  Collected  in  June,  1882, 
by  Mr.  C.  F.  Sidener. 

No.  129.  Water  from  the  falls  of  Pigeon  river;  obtained  through  Mr.  Heniy 
Mayhew,  August,  1882. 

No,  130.  Water  from  lake  Superior,  near  Grand  Marais;  obtained  through 
Mr.  Henry  Mayhew,  September,  1882. 
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No.  131.  Water  from  an  artesian  well  at  Qurman  in  Polk  oooniy;  obtained 
through  chief  engineer  C.  C.  Smith,  Sept.  1882. 

No.  132.  Water  from  the  mineral  sprinf?  ot  G.  F.  Bryan,  near  Minnesota 
City.    Collected  in  September,  1882.    From  Mr.  C,  F.  Bryan. 

No.  133.  Water  from  the  Rock  riyer,  sec.  19,  T.  103, 44,  near  Luveme,  Rock 
ooanty;  obtained  throagh  Hon.  J.  P.  Kniss,  November,  1882. 

No.  137.  Oolitic  fermginoas  rock  from  the  Trenton,  or  Hudson  River  shales, 
foBsiliferous,  at  the  horizon  of  the  green  shales,  at  the  railroad  cut  near  Foun- 
tain, Fillmore  county.    Mus.  Reg.  No.  4978. 

No.  138.  Sample  from  the  clay  lying  between  the  Bhakopee  limestone  and 
the  Jordan  sandst'  ••  mmediately  south  of  the  Red  Jacket  raiboad  bridge, 
near  Mankato,  Blue  Earth  county.    Furnished  by  Mr.  J.  G.  KoUer. 

No.  139.    Same  as  the  last,  but  of  a  red  color. 

No.  140.  Greenish,  ferruginous,  somewhat  gritty  substance,  found  about  six 
feet  below  the  natural  surface,  on  land  of  W.  W.  Norton,  near  Minneapolis,  or 
in  a  ditch  by  the  roadside,  about  a  mile  north  of  Minnehaha- creek,  in  the  exten- 
sion of  Park  avenue,  in  the  valley  of  drainage  from  a  marsh  to  Minnehaha 
creek,  occurring  somewhat  as  a  bog  ore. 

No.  141.  Water  from  lake  Minnetonka,  obtained  by  Wm.  A.  Noyes,  May 
21,1883. 

No.  14'2.  Water  from  Hunter's  Hot  springs,  Montana  umished  by  Dr. 
Hunter,  Jnne,  1883. 

No.  143.  Water  from  a  natural  spring  at  Inglewood  (^ist  of  Minneapolis), 
furnished  by  Mr.  George  P.  Bradbury,  June,  1883. 

No.  144.  Hydraulic  limestone,  used  by  the  Standard  Cement  company,  at 
Mankato,  selected  by  he^  superintendent,  Oct.  1883. 

No.  145.  Hydraulic  lime,  manufactured  from  the  strata  of  the  Shakopee 
formation,  by  the  Standard  Cement  company  at  Mankato.  Furnished  by  the 
supenntendent. 

No.  146.  White  clay,  lying  between  the  Shakopee  limestone  (dislodged)  aald 
the  Jordan  sandstone,  on  L'  Huillier  mound,  at  the  mouth  of  tiie  Blue  Earth 
river. — n.  h.  wikchbll. 
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MUSEUM  REPORT  FOR  1882. 


Duriufi:  the  year  1882  the  usual  increase  has  been  made  in  the 
collections  of  the  museum.  Four  hundred  and  sixty-four  entries 
have  been  made  in  the  register.  Some  of  these  entries,  as  hereto- 
fore>  are  for  the  purpose  of  preserving  records  of  specimens  that 
are  yet  to  undergo  scientific  examination,  and  are  not  enume- 
rated in  the  following  list  of  registrations.  They  have,  however, 
been  labeled  and  numbered  to  correspond  with  the  records.  These 
unnamed  specimens  are  derived  largely  from  the  geological  survey. 
The  others  are  entered  in  the  register  under  the  names  which  they 
have  when  they  come  to  us,  unless  known  to  be  wrong,  whether 
presented  or  obtained  by  exchange. 

Exchanges  have  been  made  with  Prof  C.  U.  Shepard,  John  H. 
Goodale,  Prof.  S.  Calvin,  and  Dn  J.  W.  Hood. 

The  principal  donors  to  the  museum  registered  in  1882  were  Dr. 

E.  S.  Dana,  Gen.  H.  H.  Sibley,  Lieut.  A.  W.  Vogdes,  A.  J.  Noyes, 

F.  D.  Anthony,  N.  H.  Winchell,  Cora  E.  Goode,  W.  J.  McGee, 
W.  fl.  Shelton,  C.  L.  Herrick,  J.  C.  Kassube  and  Horace  V.  Win- 
chell. All  these  donations,  and  others,  are  enumerated  in  the  fol- 
lowing list.  ^ 
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Abcu^ologioal  Additions  to  the  Museum  is  1882. 

74.  Frairinenfcs  of  Indian  pottery.  From  the  northwest  shore  of  Mille  Lacs. 
ColJected  by  Warren  Upham. 

75.  Lock  of  Dirt-in-the-Face's  hair,  braided.  Miles  City,  Montana;  Nov.  1» 
ISBh    Presented  by  Col.  J.  B.  Cloagb. 

76.  Arrow-point  of  chert;  narrow.  From  a  mound  at  Dresbach,  Winona 
county.    Presented  by  George  B.  Dresbach,  Jr. 

77.  Copper  chisel,  1}(  to  2  inches  broad,  6  inches  long.  From  the  same 
mound  at  Dre&bach.    Presented  by  George  B.  Dresbach,  Jr. 

78.  Copper  chisel,  1  to  13^  inches  wide,  7  inches  long  From  the  sam^ 
mound  with  the  preoedmg.    Presented  by  John  H.  Mosse. 

79.  Piece  of  pottery,  also  from  the  same  mound  at  Dresbach.  Presented  by 
John  H.  MoBse. 

80.  Fragment  of  a  human  skull.  From  the  same  mound.  Presented  bF 
John  H.  Mosse. 

81.  Piece  of  pottery,  from  the  largest  (nine  feet  in  hight)  in  a  group  of  six- 
teen mounds,  N.  £.  j^  of  sec.  31,  Greenwood,  Hennepin  Co.  (at  junction  of 
creek,  outlet  from  Lake  Sarah,  with  the  Crow  river.)  Presented  by  H.  Ellington. 

82.  Fragment  of  a  bone,  from  the  same  mound  with  the  last.  Presented 
by  H.  Ellington. 

83.  Augular  fragments  of  chert  (chipped?).  Found  between  Mankato  and 
South  Bend,  and  presented  by  Rev.  Louis  J.  Hauge. 

84.  Lance-head  of  gray  chert,  notched  at  base,  unsymTnetncal.    Record  lost. 

85.  Imperfect  arrow-point  of  gray  quartzjrte.    Record  lost. 

86.  Arrow-points  of  flint  and  chert;  three,  all  notched  at  base.  Records  lost. 

87.  Spear-point  of  quartzyte.  From  Martha's  Vineyard.  Presented  by 
Mrs.  Meg.  C.  J.  Allen. 

88.  Arrow-point  of  flint,  small,  triangular.  From  Martfaa*s  Vineyard.  Pre- 
sented by  Mrs.  Allen. 

89.  Low,  conical  disk  of  limonite,  polished,  with  a  thin  edge.  From  Sher- 
wood, Tennessee.    Presented  by  N.  H.  Winchell. 

90.  Rose -quartz  arrow-point,  with  unnotcbed  base.  From  Sherwood,  Ten- 
nessee.   Presented  by  N.  H.  Winchell. 

91.  Small,  quartz  arrow-point.  From  Sherwood,  Tennessee.  Presented 
by  N.  H.  Wmchell. 

92.  Arrow-points  (six)  of  chert,  with  notched  base.  From  Sherwood,  Ten* 
nessee.    Presented  by  N.  H.  Winchell. 

93.  Stone  implements  (five),  with  broad,  notched  base.  From  Sherwood^ 
Tennessee.    Presented  by  N.  H.  Winchell. 

94.  Implements  (five)  of  chert,  rudely  chipped.  From  Sherwood,  Tennessee. 
Presented  by  N.  H.  Winchell. 

95.  Cbert  clippings  (twenty-three.)  From  Sherwood,  Tennessee.  Presented 
by  N.  H.  Winchell. 

96.  Stone  arrow-points  (forty),  notched  at  the  base.  From  Waterloo,  Ala- 
bama.    Presented,  Oct.,  1882.  by  C.  L.  Herrick. 

97.  Stone  arrow  pomts  (five),  triangular,  notched  at  base.  From  Waterloo* 
Ala.     Presented,  Oct.,  1882,  by  C.  L.  Herrick. 
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98.  Stone  arrow-pointB  (nineteen),  onnotcfaed.  From  Waterloo,  Ala.  Pre- 
rentecL  by  C.  L.  Herrick. 

99.  Large  arrow-point,  of  concretionary  chert.  From  Waterloo,  Ala.  Pre- 
sented by  C.  L.  Herrick. 

100.  Unsymmetrical  stone  arrow-points  (six).  From  Waterloo,  Ala.  Pre- 
sented by  C.  L.  Herrick. 

101.  Stone  lance-heads  (nineteen).  From  Waterloo,  Ala.  Presented  by  G. 
L.  Herrick. 

102.  Fragmentary  stone  arrows  and  lance-points  (seventy-seven).  From 
Waterloo,  Ala.    Presented  Oct.,  1882,  by  C.  L.  Herrick. 

103.  Stone  hatchets  and  fnigments  (fifteen).  From  Waterloo,  Ala.  Pre- 
sented by  C.  L.  Herrick. 

104.  Elongated  implements  of  stone  (twenty).  From  Waterloo,  Ala.  Pre- 
sented by  C.  L.  Heirick. 

105.  Implement  of  red  chert.-  From  ^Waterloo,  Ala.  Presented  by  C.  L. 
Hemck. 

106.  Stock  from  which  stone  implements  were  made  (twenty-eight  pieces). 
From  Waterloo,  Ala.    Presented,  Oct.,  1882,  by  C.  L.  herrick. 

107.  Stone  chippings  (eighty-five).  From  Waterloo,  Ala.  Presented  by  C. 
L.  Herrick. 

108.  Implement  of  dark,  reddish-brown  qnartzyte.  From  Decatar,  Alabama. 
Presented,  Oct.,  1882,  by  C.  L.  Herrick. 

109.  Implement  (hide-dresser)  of  trappean  rock.  From  Decatur,  Ala.  Pre- 
sented by  C.  L.  Herrick. 

110.  Fragments  (eighty-one)  of  Indian  pottery.  From  Eastport,  Mississippi. 
Presented  by  C.  L.  Herrick . 

111.  Shells  (thirty- two  gasteropods  and  three  lamellibranchs)  from  shell-bed 
<pre-historic  kitchen-midden  ?)  in  bank  of  the  Tennesse  river,  Waterloo,  Alabama. 
Prssented,  Oct..  1882,  by  0.  L.  Herrick. 
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MINNESOTA  LAWS  RELATING  TO  MINES  AND  MINING. 


ABSTBAOTED  BY  G.  L.  HBRRIOE. 


GENERAL  LAWS. 


Gbnbbal  Laws,  1858,  p.  250«  This  is  a  general  act  to  reflate  corporatiohs  for 
ODQanufacturing,  mining,  agricultural,  mechanical  and  chemical  purposes,  defin- 
ing the  methods  of  association,  the  capital  stock,  the  rights  of  stock-hclders  and 
their  joint  and  individual  liabilities  for  the  debts  and  obligations  of  the  corpor- 
Jition. 

Gbnbbal  Laws,  1S60,  p.  173.  An  act  to  authorize  theformaHon  of  corpora- 
4i&n8  for  mining ^  smelting,  or  manufacturing  iron,  copper,  silver  or  other  ores 
<r  minerals, 

B(3  it  enacted  by  the  Legislature  of  the  State  of  Minnesota. 

Sbgtion  1.  All  corporations  organized  under  the  provisions  of  this  act,  shall 
i>e  capable  of  suing  and  being  sued  m  any  court  of  this  state,  and  may  have  a 
•common  seal,  and  alter  the  same  at  pleasure,  may  elect  or  appoint  in  such  man- 
ner as  they  shall  determine,  all  necessary  officers  and  agents,  and  may  fix  their 
•compensation  and  determine  their  duties  and  make  from  time  to,  time,  such  by- 
laws not  inconsistent  with  the  constitution  and  laws  of  this  state,  as  a  msgorify 
•of  the  stock-holders  shall  direct. 

Sbc  2.  Any  number  of  persons  not  less  than  three,  who  shall,  by  articles  of 
agreement  in  writing,  associate  according  to  the  provisions  of  this  act,  under 
4Uiy  name  assumed  by  them,  for  the  purpose  of  engaging  in  and  carrying  on 
fliining,  smelting  or  manufacturing  iron,  copper,  silver  or  other  minerals,  and 
who  shall  comply  with  the  provisions  of  this  act,  shall  with  their  successors  and 
assigns  constitute  a  body  politic  and  corpoiate  in  fact  and  name,  nnder  the 
Auuue  assumed  by  them  in  their  articles  of  association. 
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Provided,  No  company  shall  take  a  name  previously  aBsomed  by  any  other 
company. 

Sbc.  3.  Before  any  company  formed  under  this  act  shall  commence  business^ 
the  president  and  directors  shall  cause  theh:  articles  of  association  to  be  filed 
with  the  secretary  of  state  of  this  state,  and  also  a  copy  thereof  with  the  reipster 
of  deeds  of  the  county  in  which  its  principal  business  is  to  be  conducted;  where 
said  articled  shall  be  recorded  at  len^h  in  books  prepared  for  that  purpose. 

Skc.  4.  The  articles  of  every  such  association  shall  be  signed  by  the  persons 
associating:  in  the  first  instance,  and  acknowledged  before  some  persons  author- 
ized by  law  to  take  the  acknowledgement  of  deeds,  and  shall  state 

First.    The  distinct  purpose  for  which  the  association  is  formed. 

Second,    The  amount  of  their  capital  stock  and  the  number  of  shares. 

Third,    The  amouut  of  capital  stock  actually  paid  in. 

Fourth,  The  place  in  the  state  where  their  office  for  the  trftnsaction  of  busi- 
ness is  to  be  held,  and  the  county  or  counties  in  which  their  business  is  to  be- 
carried  on. 

Sixth.    The  term  of  its  existence,  not  to  exceed  thirty  years. 

Sbo.  5.  The  amount  of  capital  stock  in  every  such  corporation  shall,  in  no> 
case  be  less  than  ten  thousand  (10,000)  dollars  nor  more  than  five  hundred 
(500,000)  dollars,  and  shall  be  divided  into  shares  of  fifty  dollars  each;  but  the 
capital  stock  and  number  of  shares  may  be  increased  at  any  regular  meeting  of 
the  stockholders. 

Provided.  The  amount  of  capital  when  so  increased  shall  not  exceed  the  sum 
of  five  hundred  thousand  (500,000)  dollars. 

Sec.  6.  The  purposes  for  which  such  corporations  shall  be  established,  shall> 
be  distinctly  and  definitely  specified  in  the  ariicles  of  association;  and  it  shall 
not  be  lawful  for  said  company  to  appropriate  its'  funds  for  any  other  purpose. 

Sec.  7.  Any  two  of  the  signers  of  such  articles  of  association  may  call  the- 
first  meeting  of  the  corporators  for  the  purpose  of  organizing  the  company,  at 
such  time  and  place  as  they  may  appoint,  by  giving  personal  notice  to  each 
corporator,  or  by  publishing  the  pame  in  some  newspaper  at  least  fifteen  day»' 
before  the  time  appointed  for  such  meeting. 

Sec.  8.  The  stock,  property  and  business  of  such  corporation  shall  be  man- 
aged by  not  less  than  tnree  nor  more  than  seven  directors,  as  the  articles  may 
determine,  one  of  whom  shall  be  a  resident  of  the  state;  they  shall  hold  their 
offices  for  one  year,  and  until  their  successors  shall  be  duly  chosen.  The  time- 
and  place  of  the  meeting  of  stockholders  for  the  election  of  directors  and  other 
purposes,  shall  be  fixed  by  the  by-laws,  and  at  all  such  meetings  each  share  oF 
stock  shall  be  entitled  to  one  vote. 

Sec.  9.  The  directors  of  every  such  corporation  shall  choose  one  of  their 
number  president,  and  shall  appoint  such  other  officers  and  agents  as  the  articlea^ 
of  association  or  by-laws  may  require,  who  shall  hold  their  offices  for  one  year, 
or  until  a  majority  of  the  stockholders  choose  others  in  their  stead.  The  ma- 
jority of  directors  for  the  time  being,  shall  have  power  to  fill  any  vacancy  which 
may  happen  in  their  board  by  death,  resignation,  or  otherwise,  until  the  next 
regular  meeting  of  the  stockholders. 

Sec.  10.  The  directors  may  call  in  the  subscription  to  the  capital  stock  of 
such  corporation  by  installments  in  such  portion  and  at  such '  times  and  p^ace» 
as  they  shall  think  proper,  by  giving  notice  thereof  as  the  by-laws  shall  pre- 
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ncribe,  and  in  case  any  stockholder  Bhall  neglect  or  zefase  payment  of  any  sach 
installmect  for  the  space  of  sixty  days  afler  the  same  shall  have  become  doe  and 
pa>able,  and  after  he  shall  have  been  notified  thereof,  the  stock  of  said  delin- 
<iaent  stockholder  may  be  sold  by  the  directors  at  pablic  auction,  at  the  office  of 
the  secretary  of  such  corporation,  flrivin^  at  least  thirty  days  notice  in  some 
newspaper  in  the  county  in  which  said  office  is  located. 

Provided,  That  if  said  stockholder  is  a  resident  of  this  state,  the  stock  shall 
t>e  sold  at  the  business  office  of  said  corporation  in  the  CDauty  in  which  its  basi- 
vess  is  conducted,  giving  at  least  thirty-days  notice  thereof  in  some  newspaper 
printed  in  the  county  and  if  no  newspaper  is' published  in  said  county,  then  it  shall 
"be  pubUshed  in  some  newspaper  at  the  capital  of  the  state,  and  the  proceeds  of 
-such  sale  shall  be  first  applied  in  payment  of  the  installment  called  for,  and  the 
•eipense  of  tbesale^  and  the  residue  shall  be  refunded  to  the  person  entitled  to  the 
^same,  and  such  sale  shall  entitle  the  purchaser  to  all  the  rights  of  a  stockholder 
ito  the  extent  of  the  shares  so  bought. 

Ssc.  il.  A  minority  of  the  directors  of  any  such  corporation  for  the  time 
•being,  convened  according  to  the  by-laws,  shall  constitute  a  quorum  for  the 
-transaction  of  business  ;*and  those  holding  a  mi^jority  of  the  stock  at  any  meet- 
ing of  the  stockholders  shall  be  capable  of  transacting  the  business  of  the  meet- 
ing, and  at  all  such  meetmgs  stockholders  may  vote  in  person  or  by  proxy  duly 
aied. 

Sbg^  12.  If  it  shall  so  happen  than  an  election  of  directors  shall  not  take 
(>)aoe  at  the  annual  meeting,  such  corporation  shall  not  in  consequence  thereof 
be  dissolved;  but  an  election  may  beheld  at  any  time  thereafter  by  giving  thirty 
<lays  notice  theuof  in  the  manner  provided  in  the  by-laws  of  the  company. 

Sse.  13.  Every  such  incorporation  shall  have  power  to  acquire,  bold,  and 
tratisfer  all  such  real  and  perjonnl  estate  as  the  directors  shall  adjudge  necessary 
'•or  convenient  for  the  purpose  of  conducting,  carrying  on*  or  disposing  of  the 
business  of  such  corporation. 

Prfmded,  That  its  real  estate  held  at  any  one  time  shall  not  exceed  three  thou- 
i^and  acres* 

SjEC.  14.  The  stock  of  any  such  corporation  shall  be  deemed  personal  pro- 
f^eH;?,  and  shall  be  transferable  only  on  the  books  of  such  company  in  such 
form  as  the  directors  shall  prescribe,  foid  such  corporation  shall  at  all  times 
liave  a  Hen  upon  the  stock  or  property  of  its  members  invested  therein  for  all 
•debts  due  from  tiiem  to  such  corporation,  whichjmay  be  enforced  by  advertise- 
ment and  sale  in  the  manner  provided  for  selling  delinquent  stock. 
.  Promded,  That  assessors  and  aU  other  officers,  whose  duty  it  may  be  to  as- 
sess property  for  purposes  of  taxation,  may  take  into  consideration  the  produc- 
tiveness or  unproductiveness  of  the  mine,  stock  and  improvements  thereto  be- 
longing, and  value  the  same  accordingly. 

Site.  15.  The  directors  shall  cause  a  record  to  be  kept  of  all  stock  subscribed 
JUld  transferred,  and  of  all  business  transactions,  and  their  books  and  records 
shall  at  all  times  be  open  to  the  inspection  of  any  and  every  stockholder;  they 
shall  also  when  required  present  to  the  stockholders  reports  in  writing  of  the 
situation  and  amount  of  business  of  the  company,  and  declare  bxA  make  such 
•dividends  of  the  profito  from  the  business  of  the  [company,  not  reducing  the 
capital  stock,  while  th^  have  outstanding  liabilities. 
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Sec.  16.  The  directors  of  any  company  organized  under  this  act,  shall  have> 
power  to  establish  one  or  more  offices  without  this  state,  and  transact  businesas 
thereat. 

Provided^  however.  That  an  office  shall  always  be  maintained  in  this  state- 
where  legal  processes  may  be  served  on  the  person  in  charge  thereof. 

Sec.  17.  Each  stockholder  in  any  company  organized  under  this  act,  shall 
be  liable  for  the  debts  of  the  company  to  the  amount  of  stock  held  or  owned  by 
him  therein. 

Sec.  18.    This  act  shall  take  effect  from  and  after  its  passage. 

Approved  Feb.  24, 1860. 


Qeneral  Laws,  1860.  p.  258.  An  act  to  amend  an  act  entitled  **An  Act  to  reg- 
ulate corporations  for  manufacturing  ^  mining,  agricultural^  mechanical  and 
chemical  purposes,"  passed  Aug,  12, 1858,  This  amendment  provides  that  any 
corporation  created  before  the  passage  of  the  original  act  may  by  vote  of  its. 
stockholders  avail  itself  of  its  privileges. 


General  Laws  of  Minhesota,  1864,  p.  111.  An  Act  to  provide  for  a  geo^ 
logical  survey  of  the  north  shore  of  lake  Superior^  tcUhin  the  limits  of  <Ai#- 
siaJte^  and  other  mineral  and  coal  districts,  and  to  appropriate  money  therefor^ 

Be  it  enacted  by  the  Legislature  of  the  State  of  Minnesota. 

Section  1.  That  there  be  and  is  hereby  appropriated,  out  of  any  moneys  in 
the  treasury  not  otherwise  appropriated,  the  sum  of  two  thousand  dollars,  to  be 
expended,  or  so  much  thereof  as  may  be  necessary,  under  the  direction  of  the- 
govemor,  in  causing  to  be  made  a  geological  survey  of  the  mineral  lands  on. 
the  north  shore  of  lake  Superior,  within  the  limits  of  this  state,  and  also  all 
other  mineral  or  coal  diEtricts  of  the  state,  and  the  governor  is  hereby  author- 
zed  to  appoint  a  suitable  person  or  persons  to  make  such  survey,  whose  report 
of  the  same  shall  be  made  to  the  governor,  and  by  him  transmitted  to  the  Leg- 
islature. 
Approved  March  4,  1864. 


General  Laws  of  1865,  p.  84.  An  Act  to  continue  the  geological  survey  ox 
the  mineral  lands  of  the  north  shore  of  lake  Superior. 

Be  it  enacted  by  the  Legislature  of  the  State  of  Mbnesota. 

Section  1.  That  the  governor  be  and  is  hereby  authorized  and  empoweredi 
to  appoint  some  suitable  person  to  continue  the  geological  survey  of  the  min- 
eral  lands  of  the  north  phore  of  lake  Superior,  lying  in  the  state  of  Minnesota,, 
and  also  other  mineral  bearing  districts  within  the  limits  of  the  state. 

Sec.  2.  Such  person  so  appointed  shall  before  'entering  upon  his  dutiea 
under  the  provisions  of  this  act,  take  and  subscribe  an  oath  to  diligently  and 
faithfully  discharKC  such  duties  to  the  best  of  his  ability.  And  he  shall  pro- 
ceed at  as  early  a  day  as  practicable  to  continue  such  survey  under  the  direction 

f» 
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of  the  firoTemor.  He  shall  make  aDaly8i8  of  metal-bearing  rocks  that  may  be 
obtained  during  such  surrey,  to  the  end  that  the  commercial  value  thereof  may 
be  ascertained,  and  he  shall  report  the  same  to  the  governor  on  or  before  the 
first  day  ot  January  A.  D.  eighteen  hundred  and  sixty-nine.  He  shall  also 
make  and  report  sectional  maps  showing  the  location  of  minerals  examined  and 
analyzed  and  as  far  as  in  his  power,  report  upon  the  extent  of  the  coal  Selds  on 
the  waters  of  the  Big  Cottonwood  river,  and  the  extent  of  such  other  mineral 
deposits  as  he  may  find,  and  such  report  shall  be  transmitted  by  the  governor 
to  the  Legislature. 

Sbc.  3.  The  governor  shall  have  power  to  draw  from  the  state  treasury  out 
of  moneys  not  otherwise  appropriated,  a  sufficient  amount  to  pay  the  actual  and 
necessary  expenses  incurred  by  such  person  so  appointed  under  the  provisions 
of  this  act,  not  to  exceed  the  sum  of  one  thousand  dollars. 

Sbc.  4.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage. 

Approved  March  7,  1865. 


Genbbal  Laws  1865,  p.  85.  An  Act  to  enable  N.  C.  D,  Taylor  to  continue 
the  geological  exploration  of  the  country  in  the  valley  of  the  St.  Croix,  within 
this  state. 

Be  it  enacted  by  the  Legislature  of  the  State  of  Minnesota. 

Section  1 .  That  the  sum  of  one  thousand  dollars  be  and  the  same  is  hereby 
appropriated  and  ordered  to  be  se^  apart  to  N.  C  D.  Taylor  out  of  any  moneys 
in  the  treasury  not  otherwise  appropriated,  to  enable  him  to  continue  the  gee- 
logical  exploration  of  the  country  in  the  valley  of  the  St.  Croix,  within  this 
state,  and  that  he  report  to  the  next  Legislature  the  result  of  his  labors. 

Sec.  2.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage. 

Approved  March  2,  1865. 


Gbneral  Laws,  1866,  p.  80.  An  act  to  regulate  mining  upon  the  public  lands 
of  the  United  States,  within  the  State  of  Minnesota. 

Be  it  enacted  by  the  Legislature  of  the  State  of  Minnesota. 

SxcnoK  1.  The  miners  and  inhabitants  of  any  section  of  this  state  in  which 
there  may  be  mines  of  gold,  silver  or  other  metals,  upon  the  public  lands  of  the 
United  States  for  which  patents  have  not  been  issued,  may  meet  and  form  a 
mining  district,  not  to  exceed  in  extent  five  miles  square,  fix  the  boundaries^ 
adopt  a  name,  and  pass  such  rules  and  regulations  for  such  districts  as  may  be 
deemed  by  them  necessary  for  the  location,  holding,  recording  and  working  of 
mines  or  mining  claims  upon  such  public  lands  of  the  United  States  within  such 
district.  They  may  also  elect  a  recorder  for  said  district,  and  provide  his  qual- 
ifications, duties,  fees  and  liabilities. 

Provided.  That  no  such  mining  claim  shall  exceed  in  extent  two  hundred 
feet  square,  and 

Provided^  further.  That  no  such  mining  claim  shall  be  made  except  by 
actual  occupancy. 
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Seo.  2.    On  ihe  trial  of  any  action  in  any  court  of  this  state  inrolvinflr  claim 
or  the  posseFBton  of  any  sach  mine  or  mininj]^  claim,  or  inToWinK  any  right 
growmg  out  of  any  sach  mine  or  minmg  daim;  the  roles  and  regulations  so 
adopted  in  said  district,  or  authenticated  copies  thereof,  may  be  given  in  evi- 
dence, and  so  far  as  applicable  shall  govern  the  case. 

Sbc.  3.  The  term  ''mines**  and  ''mining  claims'*  as  used  in  the  preceding 
sections,  shall  be  construed  to  embrace  all  water  rights,  ditches,  flumes,  timber 
claimed,  or  other  interest  appurtenant,  necessary  or  auxiliary  to  a  mine  or  min- 
ing claim,  or  the  working  thereof. 

Seo.  4.  The  majority  of  the  miners  of  such  mining  district,  attending  at  a 
meeting,  upon  reasonable  notice,  may  at  any  time  change,  alter,  amend  or  re- 
peal any  of  such  rules  and  regulations  previously  adopted. 

Sbc.  5.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage. 

Approved  March  2, 1866. 


Genbral  Laws,  1866,  p.  98.  An  Act  to  continue  the  geological  eurvey  of 
the  State  of  Minnesota^  and  to  appropriate  money  therefor. 

Be  it  enacted  by  the  legislature  of  the  State  of  Minnesota. 

Sbcton  1.  Henry  H.  Eames  is  hereby  appointed  state  geologist  for  the  term 
of  one  year,  commencing  January  1st.,  1866.  He  shall  be  commissioned  by  the 
governor,  and  it  shall  be  his  duty  to  continue  the  geological  survey  of  the  state, 
and  prepare  a  report  of  such  survey,  subject  to  the  provisions  of  lection  2.  chap- 
ter 89,  of  the  general  laws  of  Minnesota  for  1865, 

Sec.  2.  The  following  sums  of  money  are  hereby  appropriated  out  of  any 
money  in  the  state  treasury  not  otherwise  appropriated,  for  the  proeecition  of 
the  geological  survey  for  the  year  1866. 

For  salary  of  state  geologist,  two  thousand  dollarj,  to  be  drawn  monthly  on 
the  last  day  of  the  month. 

For  expenses  of  surv^  in  mining  districts  and  experiments  on  ores,  and  all 
incidental  expenses  of  work,  shall  not  exceed  three  thousand  dollars,  to  be 
drawn  upon  the  satisfactory  vouchers  of  the  state  geologist,  and  accounts  of  ex- 
penditure to  be  furnished  by  him  to  the  state  auditor. 

Sbc.  8.  The  state  geologist  shall  have  his  office  in  the  capitol  building,  and 
sliiall  there  arrange  and  keep  a  collection  of  specimens  of  all  minerals  and  suck 
other  interesting  materials,  which  he  may  find  m  his  explorations  of  the  stale. 
Said  office  shall  be  open  to  the  public. 

Sbc.  4.  The  state  geologist  shall  devote  his  time,  labor  and  exertions  exdu- 
sively  for  the  benefit  of  the  state  at  large,  and  shall  afford  no  advantage  what- 
ever to  any  private  enterprise  or  speculation. 

Sbc.  5.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage. 
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General  Laws  of  Minnesota,  1867,  p.  40.  To  regulate  mining  upon  the 
public  lands  of  the  United  States  wUkin  the  State  of  Minnesota. 

Be  it  enacted  by  the  Legialatare  of  the  State  of  Minnesota. 

Section  1.  That  all  mineral  districts  to  be  hereafter  formed  in  this  state 
shall  conform  to  the  township  lines  of  six  miles  square. 

Sec.  2.  That  all  mineral  claims  shall  be  made  in  person  by  the  party  claim- 
ing, and  any  claim  not  thns  made,  is  invalid. 

Sec.  3.  That  when  a  mineral  vein  or  lode  or  lead,  containing  gold,  silver, 
cinnabar,  or  copper  is  discovered,  the  party  making  the  discovery  shall  be  en- 
titled to  two  hundred  feet  on  said  vein  or  lode  or  lead  as  a  discovery  claim,  with 
one  hundred  feet  of  land  on  either  side  of  said  vein,  lode  or  lead,  for  its  conven- 
ient working;  and  he  shall  also  be  entitled  to  an  a^^ditional  claim  of  two  hun- 
dred feet  on  said  vein,  lode. or  lead,  with  one  hundred  feet  of  land  en  either  side 
of  said  vein  or  lode  or  lead,  for  its  convenient  working,  according  to  the  act  of 
congress,  passed  July  26,  1866. 

Sec.  4.  That  to  receive  mineral  claims  the  person  making  them  shall 
measure  off  correctly,  the  number  of  feet  allowed  by  law  and  shall  post  up  a 
notice  of  said  claim,  of  a  substantial  nature  upon  a  stake  or  tree,  at  the  end  of 
every  two  hundred  feet,  npon  which  shall  be  written  the  name  of  the  vein,  with 
date  of  taking,  name  of  claimant,  number  of  claim  and  its  general  direction. 

Sec.  5.  That  the  claimant  shall,  within  the  three  months  from  the  time  of 
posting  up  a  notice  of  his  claim,  in  compliance  with  the  law,  sink  a  shaft  on  said 
claim  three  feet  deep  by  five  feet  square,  and  shall  take  from  the  bottom  of  the 
sha  t  BO  sunk,  specimens  of  the  rock,  properly  labelled,  with  the  name  of  the 
vein,  name  of  claim  and  name  of  claimant,  thereon,  number  of  claim,  east  or 
west,  with  a  correct  description  of  said  claim,  and  file  with  the  register  of  deeds 
of  the  county  in  which  the  mineral  district  is  situated,  and  the  register  of  deeds* 
after  being  satisfied  that  the  said  claimant  has  complied  with  the  requirements 
of  the  law,  and  that  he  has  not  exceeded  the  two  hundred  feet,  shall  issue  to  said 
claimant  and  record  the  same,  a  certificate  with  description  of  claim,  that  said 
claim  has  been  properly  secured  under  the  firovisions  of  the  law. 

Sec.  6.  That  in  case  the  claimant  fails  to  sink  a  shaft  three  feet  deep  by  five 
feet  square,  within  the  three  months  specified,  then  he  shall  forfeit  all  right  to 
the  claim,  and  any  other  party  can  come  in  and  take  possession. 

Sec.  7.  That  whenever  any  citizen  of  the  United  States  or  those  who  have 
declared  their  intentions  to  become  citizens,  shall  have  complied  with  the  pro- 
visions h«vetofore  set  forth,  then  th^  shall  have  rightful  possessions  of  all 
claims  made  under  and  by  virine  of  this  act  for  the  space  of  one  year  from  the 
date  of  the  claim  made,  then  all  right  and  title  to  said  claim  shall  be  forfeited 
and  another  claimant  ma^  come  in  and  take  possession  and  secure  a  title  under 
the  law. 

Sec.  8.  That  any  person  found  tearing  or  mutilating  any  notice  posted  on 
any  mineral  claim  in  this  state,  shall  be  subgeot  to  arrest  and  imprisonment  and 
on  conviction,  shall  be  fined  not  less  than  $50  nor  more  than  $500. 

Sec.  9.  That  the  term  "mineral  claim,**  as  used  m  the  preceding  sections, 
ehall  embrace- all  water-rights,  ditches,  flumes,  timber  claimed,  or  other  interest 
appurtenant,  necessary  or  auxiliaiy  to  a  mine  or  mining  claim  or  the  working 
thereon. 
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Sec.  10.  That  the  fees  of  the  regrifiter  of  deeds  shall  be  as  follows :  Record- 
ing  claim  |I.OO;  transfer  of  claim  25  ceats  for  each  folio  of  one  hundred  words, 
and  25  cents  for  each  certificate. 

Sbc.  11.  That  it  shall  be  neeessary  to  place  in  the  hands  of  the  register  of 
deeds  a  description  of  each  claim  fer  record,  within  thirty  days  from  the  date  of 
taking* 

Sec.  12.  That  in  case  any  mineral  district  in  this  state  is  located  in  an  un- 
organized county,  the  claim  shall  be  recorded  in  the  organized  county  to  which, 
such  unorganized  county  has  been  attached  for  judicial  purposes,  and  the  regis- 
ter of  deeds  of  said  organized  county,  shall  perform  the  duties  and  receive  the 
fees  as  provided  by  law. 

Sec.  13.  That  it  shall  be  the  duty  of  all  registers  of  deeds  in  counties  where 
mineral  claims  are  filed,  to  make  a  report  every  three  months  to  the  secretary 
of  state  of  the  number  of  claims  taken,  number  of  shafts  sunk,  and  the  general 
condition  of  the  mines.        ' 

Sec.  14.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  pas- 


Approved  March  6,  1867. 


Gbbbral  Laws,  1872,  p.  86.  An  Act  to  provids  for  a  geological  andnaturcU 
history  survey  of  the  state  and  entrust  the  same  to  the  University  of  Minnesota^ 

Be  it  enacted  by  the  Legislature  of  the  State  of  Minnesota. 

Section  1.  It  shall  be  the  duty  of  the  board  of  regents  of  the  University  of 
Minnesota  to  cause  to  be  begun  as  soon  as  may  be  practicable,  and  to  carry  on  a 
thorough  geological  and  natural  history  survey  of  the  state. 

Sec.  2.  The  geological  survey  shall  be  carried  on  with  a  view  to  a  complete 
account  of  the  mineral  kingdom  as  represented  in  the  state,  including  the  num- 
ber, order,  dip,  and  magnitude  of  the  geological  strata,  their  richness  in  ores^ 
coals,  clays,  peats,  salines  and  mineAil  waters,  marls,  cements,  building  stones 
and  other  useful  materials,  the  value  of  said  substances  for  economical  purposes 
and  their  accessibility;  also  an  accurate  chemical  analysis  of  the  various  rocks, 
soilf>,  ores,  clays,  peats,  marls  and  other  mineral  substances,  of  which  complete 
and  exact  record  shall  be  made. 

Sec.  8.  The  natural  history  survey  shall  indnde,  first,  an  ezamination{of  the 
vegetable  productious  of  the  state,  embracing  all  trees,  shrubs,  herbs  and 
grasses,  native  or  naturalized  in  the  state;  second,  a  complete  and  scientific 
account  of  the  animal  kingdom  as  properly  represented  in  the  state,  including 
all  mammalia,  fishes,  reptiles,  birds  and  insects. 

Sec.  4.  The  said  surveys  and  examinations  shall  be  made  in  the  manner 
and  order  following:  first,  the  geological  survey  proper,  together  with  the  nec- 
essary and  implied  mineralogical  investigations,  all  of  which  shall  be  under- 
taken so  soon  as  may  be  practicable,  and  be  carried  forward  with  such  expedi- 
tion as  may  be  consistent  with  economy  and  thoroughness;  second,  the  botani- 
cal examinations;  third,  zoological  investigations;  provided,  however,  that 
whenever  said  board  of  regents  may  find  it  economical  to  prosecute  different 
portions  of  the  surveys  in  conjunction,  or  that  the  public  interest  demands  it» 
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they  may,  in  their  diBcretion,  depart:  from  the  above  prescribed  order.  And  in  the 
employment  of  assisfcants  in  the  said  sarveys  the  said  board  of  regents  shall  at 
all  times  give  the  preference  to  the  students  and  graduates  of  the  University  of 
Minnesota,  provided  the  same  be  well  qualified  for  the  dntie?. 

Sbc.  5.  The  said  board  of  regents  shall  also  cause  to  be  collected  and  tabu- 
lated such  meterological  statistics  as  may  be  needed  to  account  for  the  varieties 
ofclimate  in  the  different  parts  of  the  state,  also  to  cause  to  be  ascertained 
[by]  barometrical  observations  or  other  appropriate  means  the  lelative  eleva- 
tions and  depressions  of  the  different  parts  of  the  state;  and  also  on  or  before 
the  completion  of  the  said  surveys,  to  cause  to  be  compiled  from  such  actual  sur- 
veys and  measurements  as  may  be  necessary,  an  accurate  map  of  the  state,  which 
map  when  approved  by  the  governor,  shall  be  the  official  map  of  the  state. 

Sec.  6.  It  shall  be  the  duty  of  the  said  board  of  regents  to  cause  proper 
spedmenR,  skillfully  prepared,  secured  and  labelled,  of  all  rocks,  soils,  ores, 
coals,  fossils,  cements,  building  stones,  plants,  woods,  skins  and  skeletons  of 
animals,! birds,  insects  and  fishes,  and  other  mineral,  vegetable  and  animal 
substances  and  oiganisms  discovered  or  examined  in  the  course  of  said  surveys, 
to  be  preserved  for  public  inspection  free  of  cost,  in  the  University  of  Mmnesota^ 
in  rooms  convenient  of  access,  and  properly  warmed  and  lighted,  ventilated 
and  furnished,  and  in  charge  of  a  proper  scientific  curator;  and  they  shall  also* 
whenever  the  same  may  be  practicable,  cause  duplicates  in  reasonable  numbers 
and  quantities  of  the  above  named  specimens,  to  be  collected  and  preserved  for 
the  purpose  of  exchanges  with  other  state  universities  and  scientific  institutions, 
of  which  the  Smithsonian  lustitute  at  Washington  shall  have  the  preference. 

Sec.  7.  The  said  board  of  regents  shall  cause  a  geological  map  of  the  state  to 
be  made,  as  soon  as  may  be  practicable,  upon  which,  by  colors,  and  other  appro- 
priate means  and  devices,  the  various  geological  formations  shall  be  represented. 

Sec.  8.  It  shall  be  the  duty  of  the  said  board  of  regentp,  through  their  presi- 
dent to  make,  on  or  before  the  second  Tuesday  of  December  In  each  and  every 
year,  a  report  showing  the  progress  of  the  said  surveys,  accompanied  by  such 
maps,  drawings,  and  specifications  as  may  be  necessary  and  proper  to  exemplify 
the  same  to  the  governor,  who  shall  lay  the  same  before  the  legislature;  and 
the  said  board  of  regents  upon  the  completion  of  any  separate  portion  of  the 
said  surveys  shall  cause  to  be  prepared  a  memoir  or  final  report,  which  shall 
embody  in  a  convenient  manner  all  useful  and  important  information  accumu- 
lated in  the  course  of  the  investigation  of  the  peculiar  department  or  portion, 
which  report  or  memoir  shall  likewise  be  communicated  through  the  governor 
to  the  legislature. 

Sec.^  9.  To  carry  out  the  provisions  of  this  act  the  sum  of  one  thousand  dol- 
ars  per  annum  is  hereby  [appropriated  to  be  drawn  and  expended  by  the  [said] 
board  of  regents  of  the  University  of  Minnesota. 

Ssc.  10.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  pa[ssage. 

Approved  March  1,  1872. 
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General  Laws,  1873,  p.  255.  An  Act  to  aid  the  geological  and  natural  hie- 
tory  survey  of  the  state  and  to  amend  chapter  thirty-three  of  the  general  latpst 
€ipproved  March  firsi\^ighteen  hundred  and  seventy-two,  authorizing  such  sutTcy, 

Be  it  enacted  by  the  Legislattire  of  the  State  of  Minnesota. 

Section  1.  The  state  lands  known  as  "state  salt  lands, ''  donated  bj  the 
^neral  government  to  aid  in  the  development  ef  the  brines  of  the  State  of  Min- 
nesota, shall  be  transferred  to  the  castody  and  control  of  the  board  of  regents  of 
the  University  of  Minnesota.  By  said  board  of  regents  these  lands  may  be  sold 
in  such  manner,  or  in  such  amounts  as  they  may  see  fit,  the  proceeds  thereof 
being  held  in  trust  by  them,  and  only  disbursed  in  accordance  with  ttie  law 
ordering  a  geological  and  natural  history  survey  of  the  state. 

Sec.  2.  It  shall  be  the  duty  of  said  board  of  regents,  as  soon  as  practicable, 
to  cause  a  full  and  scientific  investigation  and  repcxrt  of  the  salt  springs  of  the 
«tate,  with  a  view  to  the  early  development  of  such  brine  deposits  as  may  exist 
within  the  state. 

Sec.  3.  The  board  of  regents  of  the  University  of  Minnesota,  shall  cause  the 
immediate  survey  and  investigation  of  the  peat  deposits  of  the  state  of  Minne- 
sota, accompanied  by  such  tests  and  chemical  examinations  as  may  be  necessary 
to  show  their  economical  value,  and  their  usefulness  for  the  purpose  of  common 
fuel,  a  full  report  thereon  to  be  presented  to  the  legislature  as  soon  as  practi- 
cable. 

Sec.  4.  A  sum  of  two  thousand  dollars  is  hereby  appropriated  annually  (in 
lieu  of  one  thousand  dollars)  for  the  purposes  of  the  geological  and  natural  his- 
tory survey,  until  such  time  as  the  proceeds  of  the  sales  of  the  salt  lands  shall 
equal  that  amount,  when  such  annual  appropriation  shall  cease. 

Sec.  5.  The  sum  of  five  hundred  dollars  is  hereby  appropriated  for  the  pur- 
chase of  apparatus  and  chemicals  for  the  use  of  the  geological  and  natural  his- 
tory survey,  the  same  to  be  expended  by  order  of  the  board  of  regents  of  the 
University  of  Minnesota. 

Sbo.  6.    It  shall  be  the  du£y  of  the  board  of  regents  of  the  University  of 
Minnesota,  to  cause  duplicate  geological  specimens  to  be  collected  and  to  fur^ 
nish  to  each  of  the  three  normal  schools,  suites  of  such  specimens,  after  the  Uni- 

rsity  collection  has  become  complete. 

Sec.  7 .  When  the  geological  and  natural  history  survey  of  the  state  shall  have 
been  completed,  the  final  report  on  the  same  by  the  said  board  of  regents  shall 
give  a  full  statement  of  the  sales  of  salt  lands  hereby  given  into  the  custody  and 
contioi  of  the  t)oard  of  regents  of  the  University  of  Minnesota,  together  with  the 
amount  of  money,  received  therefrom,  and  of  the  balances^  if  any  left  in  the 
hands  of  the  said  board  of  regents. 

Sec.  8.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage - 

Approved  March  10, 1873. 
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Gbnsral  L4W8,  1876,  p.  44-46.  An€Uftto  authorize  the  formation  of  cor- 
porations for  mining  and  smelting  ores,  and  for  manufacturing  iron,  copper  and 
other  metaU, 

Be  it  eoacted  by  the  Legislature  of  the  State  of  Minnesota. 

Sbction  1.  Any  number  of  persona  not  less  than  three,,  desiring  to  form  a 
corporation  for  the  purpose  of  mining  or  smelting  ores  or  minerals,  or  for  both 
purposes,  or  for  the  purpose  of  manufacturing  iron,  steel,  copper,  or  other 
metals,  may  do  so  upon  complying  with  the  provisions  of  this  act;  and  any  cor- 
poration so  formed  shall  be  entitled  to  the  rights  and  privileges  and  be  subject 
to  the  duties  and  obligations  herein  prescribed  and  shall  have  perpetual  suc- 
cession. 

Sbc.  2.  Such  persons  shall  sign  and  severally  acknowledge  articles  of  incor- 
poration,  which  shall  declare  that  they  do  thereby  associate  together  and  agree 
upon  said  articles,  for  the  purpose  of  forming  a  corporation  under  the  provisiona 
of  this  act;  and  which  said  articles  shall  also  contain. 

First,  The  name  of  the  corporation,  which  shall  not  be  the  same  as  that  pre- 
viously assumed  by  any  other  corporation  in  this  state. 

Second.  The  general  nature  of  the  business  to  be  carried  on,  and  the  place  of 
the  principal  office  or  headquarters  of  the  company. 

Third,  The  names  and  places  of  residence  of  the  persons  so  associating  to- 
form  such  corporation. 

Fourth.    The  amount  of  the  capital  stock  of  said  corporation. 

Sec.  3.  Such  articles  shall  be  executed  in  duplicate,  one  of  which  shall  be 
deposited  for  record  in  the  office  of  the  register  of  deeds  of  the  county  where 
said  company  shall  establish  its  principal  office,  and  the  other  with  the  secretary 
of  state;  and  upon  being  so  deposited,  said  corporation  shall  be  deemed  to  exist 
under  this  act  for  the  purposes  specified  in  said  articles,  as  a  manufacturing  and 
mechanical  corporation,  under  the  constitution  and  laws  of  this  state,  and  may 
sue  and  be  sued  in  the  corporate  name,  and  in  such  corporate  name  may  con- 
tract and  be  contracted  with,  and  transact  and  carry  on  the  business  mentioned 
in  said  articles, and  may  purchase,  acquire,  hold,  use.  sell  transfer,convey,  rent  and 
lease  all  such  real  and  personal  property  and  effects  as  may  be  necessary  or^ 
convenient  for  the  purposes  of  said  corporation.  A  certified  copy  of  said  articles 
from  the  said  register  of  deeds,  or  from  the  secretary  of  state,  shall  be  evidence 
in  all  courts  of  such  corporation. 

Sec.  4.  The  amount  of  capital  stock  ol  any  such  corporation  shall  in  no  case 
be  less  tl^an  ten  thousand  dollars,nor  more  than  two  million  five  hundred  thousand 
dollars,  and  shall  be  divided  into  shares  of  twenty-five  dollars  each,  and  each 
share  shall  be  entitled  to  one  vote  at  any  meeting  of  the  stockholders,  and  may 
be  represented  by  the  holder  thereof  in  person,  or  by  his  proxy,  under  written 
appointment.  The  capital  stock  may  be  increased  by  a  mtgority  vote  of  the 
stockholders  at  any  regular  meeting  thereof,  but  not  so  as  to  exceed  said  maxi- 
mum amount. 

Ssa  5.  Such  corporation  may  prescribe  and  adopt  by-laws  for  the  manage- 
ment of  its  business  and  affairs,  by  a  board  of  directois,  trustees,  committee  or 
other  officers  or  agents,  and  provide  for  their  election  or  appointment,  and  pre- 
scribe their  duties,  and  may  require  bond  from  any  officer  for  the  faithful  dis- 
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charge  of  dattes,  and  may  by  Biich  by-lawa  prescribe  in  respect  to  all  matters  ap- 
pertaining  to  the  business  and  aSain  of  said  corporation,  not  inconsistent  with 
the  provisions  of  this  act,  nor  the  constitution  or  laws  of  this  state.  Such  by- 
lawa  may  be  made,  altered  or  amended  by  the  directors,  trustees  or  committee 
clothed  with  the  general  management  of  the  aSaixa  of  such  corporation,  but  the 
stockholders,  at  any  regular  meeting,  may  repeal  or  alter  any  by-laws,  or  adopt 
new  ones,  and  such  action  shall  remain  binding  until  repealed  or  changed  by 
the  stockholders  themselves  at  some  regular  meeting.  Such  corporation  shall 
keep  a  record  of  all  proceedings  had  at  meetings  of  stockholders,  and  also 
of  all  proceedings  had  or  taken  by  the  board  of  directors,  trustees, 
or  committee  having  charge  of  its  affairs,  and  suoh  record  shall  be  sulject  to  the 
inspection  of  all  stockholders  at  all  reasonable  times.  A  copy  of  all  by-laws, 
duly  certified,  and  all  amendments  and  alterations  of  the  same,  shall  be 
filed  for  record  with  the  register  of  deeds  where  said  articles  of  incorporation 
are  recorded,  and  also  with  the  secretary  of  state,  and  shall  not  become  opera- 
tive or  valid  until  so  filed.  Until  otherwise  Iprovided,  the  persons  executing 
such  articles  of  incorporation  shall  constitute  a  board  of  directors,  with  full 
power  and  anthoril;y  to  make  by-laws  and  manage  the  affairs  and  business  of 
such  corporatioi. 

Sec:  6.  The  stock  of  any  such  corporation  shall  be  deemed  personal  property 
and  may  be  issued,  sold  and  transferred  as  may  be  prescribed  by  resolution  or 
by  by-laws  of  said  corporation  or  its  managing  board,  but  no  stock  so  issued  or 
sold,  purporting  to  b3  full  paid,  shall  be  subject  to  any  further  assessment  in  the 
hands  of  the  lawful  holder  thereof,  without  his  consent.  Upon  the  issuance  of 
stocks  the  lawful  holders  thereof  shall  constitute  the  members  of  such  corpora- 
tion, and  a  m^'ority  in  amount  thereof  may  call  a  meeting  of  the  stockholders 
at  any  time,  irrespective  of  any  by-laws,  at  the  principal  office  of  the  company, 
or  at  the  capital  of  the  state,  upon  giving  thirty  days  notice  by  publication  in  a 
newspaper  published  at  the  place  of  such  office,  if  there  be  such  paper,  and  if 
not,  then  a  paper  published  at  the  capital. 

Sbc.  7.  The  directors  or  managing  officers  of  any  such  corporation  may  meet 
and  transact  business  without  this  state,  as  may  also  the  stockholders,  by  by-laws 
therefor;  and  offices  may  be  established  without  this  state.  Provided,  that  an 
office  shall  always  be  maintained  in  this  state,  where  legal  processes  may  be 
served  on  such  corporation,  and  such  service  upon  an  officer  or  director,  if  per- 
sonally made,  shall  be  deemed  personal  service  upon  the  corporation. 

Sbc.  S.  Any  corporation  organissed  under  this  act  for  the  purpose  of  mining 
ore  which  has  to  be  smelted  or  otherwise  treated  to  extract  the  metal,  may  take, 
acquire,  and  hold  stock  in  another  corporation  organized  for  the  purpose  of 
«mslting  or  otherwise  extracting  the  ore,  if  a  msy'ority  of  the  stock  holders  shall 
so  elect. 

Sec.  9.  Such  corporation  may  mortgage  its  property,  or  any  part  thereof, 
by  a  vote  of  a  m^'ority  of  its  stock,  but  not  otherwise;  and  no  real  estate  of  any 
such  corporabon,  or  any  interest  therein,  shall  be  sold,  leased  or  conveyed,  with- 
out the  consent  of  a  mn^'ority,  in*amount,  of  the  stockholders. 

Sec.  10.  Any  officer  of  any  corporation  organized  under  this  act,  or  any  other 
person  or  persons  who  shall  fraudulently  issue,  or  cause  to  be  iwued,  any  stock, 
«crip  or  evidence  of  debt  of  such  corporation,  or  who  shall  sell,  or  offer  for  sale, 
hypothecate  or  otherwise  dispose  of  any  such  stock,  scrip  or  other  evidence  of 
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debt  knowing  the  same  to  be  so  fraudulently  issued  shall  be  deemed  Ruilty  of 
felony,  and  on  conviction  thereof,  shall  be  imprisoned  in  the  state  prison  not 
more  than  ten  nor  less  than  ane  year. 

Sbc.  11.  This  act  may  be  altered  or  amended  at  the  pleasure  of  the  leg^la- 
are,  but  not  so  as  to  divest  or  impair  any  right  of  property  acquired  under  the 
«ame. 

Sbc.  12.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage. 

Approved  February  24,  1876. 


GrENBRAL  Laws,  1881.  An  Act  to  encourage  mining  in  thi»  state  by  providing 
•a  uniform  rule  for  the  taxing  of  mining  property  and  products. 

Be  it  enacted  by  the  Legislature  of  the  State  of  Minnesota. 

Sbction  1.  That  all  corporations  now  organized  or  that  may  be  hereafter 
organized  under  the  laws  of  this  state  for  the  purpose  of  carrying  on  the  busi- 
ness of  mining,  smelting  or  refining  copper  or  iron  ores,  or  for  the  purposes  of 
mining  coal  within  the  state,  may  pay  into  the  state  treasury  annually,  on  or 
"before  the  first  day  of  January  in  each  year,  in  lieu  of  all  taxes  or  assessments 
upon  the  capital  stock,  personal  property,  income  and  real  estate  of  such  corpo- 
ration, in  or  upon  whidi  real  estate  such  business  of  miaing  may  be  carried  on, 
or  which  real  estate  is  connected  therewith  and  set  apart  for  such  business,  the 
following  amounts,  that  is  to  say:  on  and  for  each  ton  of  copper  fifty  (50)  cents; 
on  and  for  each  ton  of  iron  ore  mined  and  shipped  or  disposed  of,  one  cent  for 
•each  ton;  and  for  each  ton  of  coal  mined  the  sum  of  one  cent  per  ton;  each  ton 
to  be  estimated  as  containing  two  thousand  two  hundred  and  forty  (2,240) 
pounds;  one-half  of  such  payments  to  be  credited  to  the  general  fund  of  the 
«tate,  and  the  other  half  credited  to  the  county  or  counties  in  which  such  mines 
Are  located. 

Sbc.  2.  That  it  shall  be  the  duty  of  each  and  every  corporation  accepting  the 
provisions  of  this  act  to  make  return  in  writing,  and  report  to  the  state  auditor , 
on  or  before  the  fifteenth  (15)  day  of  December  in  each  year,  a  true  and  full 
statement  of  each  and  every  ton  of  copper  or  iron  ore  or  coal  mined  and  sold  or 
disposed  of  during  the  year  preceding  the  date  of  such  return;  which  statement 
shall  be  verified  by  the  oath  of  the  president  and  secretary  of  such  corporation. 
That  any  such  officer  who  shall  knowingly  make  or  sign  any  false  and  untrue 
statement  in  such  report  or  return,  shall  be  deemed  guilty  of  peijury  and  on 
conviction  thereof  shall  be  punished  as  provided  in  chapter  twenfy-seven  (27)  of 
of  the  general  statutes  of  1878. 

Sbc  3.  That  any  corporation  now  organized  under  the  laws  of  this  state,  or 
that  may  hereafter  be  organized  therein  for  the  purpose  of  mining,  smelting  or 
refining  copper  or  iron  ores,  or  for  mining  coal,  may,  by  resolution  duly  adopted 
by  its  board  of  directors,  accept  all  the  provisions  of  this  act,  and  that  upon  the 
filing  of  a  certified  copy  of  such  resolution  of  acceptance  in  the  office  of  the  sec- 
retary of  state  for  this  state,  such  corporation  shall  be  bound  by  the  provisions 
of  this  act,  and  thereafter  be  entitled  to  all  the  benefits  thereof. 

Sbc.  4.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage. 

Approved  November  22, 1881. 
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SPECIAL  LAWS. 
(1849-75,  iHCLUSiYS.) 


Mining  Campanies, 

Great  Wrstern  Mining  Company  of  Pennsylvania,  1870,  p.  444. 

Boston  and  MlnnesoU,  1866,  p.  ill ;  1886,  p.  230. 

Minnesota,  1866,  p.  348  :  1868,  p.  400 ;  1880,  p.  867. 

North  Staont,  1867,  p.  212. 

Pittsburg  and  Minnesota,  1856,  p.  156 ;  1866,  p.  107  ;  18(»,  p.  353. 

Lake  Superior  and  Paget  Bound,  1871,  p.  368. 

Belle  Plain  Salt  Company, 

1870,  pp.  424-421;  1871,  p.  365 ;  1872,  p.  428. 

Minnesota  Salt  Compantf. 

1866,  p.  176  ;   1870,  p.  421. 


SpEcrAL  Laws,  1855,  p.  156.  An  act  to  incorporate  the  Pittsburg  and  Min- 
nesota Mining  Company. 

Section  1.  The  corporators  and  their  powers  and  liabilities  under  this 
charter. 

Sec.  2.    Limitation  of  the  capital  stock  which  is  declared  personal  property. 

Sec.  3.  Rights  and  privileges  to  be  eigoyed  by  the  company  and  its  power 
oyer  lands. 

Sec.  4.  Stock  to  be  deemed  personal  property,  and  transferable  only  on  the 
books  of  the  company. 

Seo.  5.  How  and  by  whom  the  property  of  the  corporation  shall  be  con- 
trolled. 

3ec.  6.    Of  the  time  and  manner  of  electing  directtrii. 

Sec.  7.    When  this  act  shall  take  effect. 

Sec.  8.  The  county  of  Garyer  declared  organized,  and  the  election  of  officers 
authorized  until  whose  election  the  said  county  is  attached  to  Hennepin  county 
for  judicial  purpobes. 

Sec.  9.    This  act  declared  a  public  act. 

Sec.  10.    Power  to  modify  and  to  amend  reserved. 

Approved  March  8,  1855. 


Digitized  by  VjOOQIC 


8TATB  GB0L0GI8T. 

Sfboial  Laws,  1855,  p.  111.  An  Act  to  incorporate  the  Boston  and  Minne- 
sota Mining  company, 

Sbotion  1.  Corporate  name,  the  Boston  &  Minnesota  Minin^r  company— its 
sea],  the  manner  of  electingr  its  officers  and  the  establishment  of  by-laws. 

Sbc.  ?•    Capital  stock  and  shares  of  the  company. 

Sko.  8.    The  rights  and  prinleges  to  be  enjoyed  by  the  company. 

Sbc.  4.    The  stock  of  the  company  declared  personal  property. 

Sbo.  5.  The  affidrs  of  the  corporation  to  be  managed  and  conducted  by  a 
board  of  not  less  than  three  nor  more  than  seren  directors,  who  shall  decide  the 
manner  and  proportions  in  which  stock  shall  be  paid  in. 

Sbo.  6.    Of  the  place  and  manner  of  electing  directors. 

Sbc.  7.    When  this  act  shall  take  effect. 

Sec.  8.    This  act  declared  a  public  act. 

Sbc.  9.    The  right  to  modify  and  amend  reserved. 

Approved  March  3, 1855. 


Special  Laws  of  Minnesota,  1856»  p.  176.    An  Act  to  incorporate  the 
Minnesota  Salt  Company. 

Section  I.    Names  of  corporators  and  name  and  style  of  company. 

Sbc.  2.    Rights  and  privileges  of  corporators. 

Sec.  3.    Stock  not  to  exceed  |500,000. 

Sbc.  4.    Number  and  power  of  board  of  directors. 

Sec.  5.    In  force  on  and  afler  passage. 

Sec.  6.    Subject  to  legislative  alteration. 

Approved  February  20, 1856. 


Special  Lawb,  1856.  An  Act  to  revive ^  amend  and  continue  an  act  entitled, 
^^An  Ad  to  incorporate  the  Boston  and  Minnesota  Mining  Company ^'^  approved 
March  30, 1855,  and  to  revive  the  corporation  thereby  created. 

Section  1.  Revrves  act  of  Territorial  Assembly  relative  to  Boston  Mining 
Company. 

Sec.  2.  Amends  section  one  of  said  act,  by  naming  certain  parties  to  consti- 
tute the  corporation. 

Sec.  3.    When  act  to  take  effect. 

Approved  March  3d»  1855. 


Special  Laws,  1856,  p.  248.    An  Act  to  Incorporate  the  Minnesota  Mining 
Company. 

Section  1.    Names  of  corporators,  created  body  corporate. 
Sbc.  2.    Rights  and  privileges  of  corporation. 
Sk(^  3.    Amount  of  capital  stock. 
Seo.  4.    Affairs,  by  whom  managed. 
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Src.  5.    By-laws  to  provide  for  election. 

Sec.  6.    Sam  to  be  paid  into  the  territorial  treasury. 

Sec.  7.    To  continae  in  force  twenty  years. 

Approved  Feb.  25, 1856. 


Special  Laws,  1868,  p.  409.  An  act  to  amend  chapter  U9,  o/  the  Session 
Lawe  of  1856,  entitled  ''An  Act  to  Incorporate  the  Minnesota  Mining  Company, 

Section  1.  Board  of  Incorporators,  name  and  style  of  said  company  to  be 
Minnesota  Mining  Company. 

Sec.  2.    To  enjoy  all  rights  and  privileges  incident  to  a  mining  corporation. 

S  EC.  8.  Capital  stock  not  to  exceed  one  million  dollars  in  one  hundred  dollar 
shares. 

Sec.  4.    Property  to  be  managed  by  a  board  of  directors  elected  annually. 

Sec.  5.  Date  and  place  of  elections,  second  Monday  in  March,  in  Minne- 
apolis. 


Sec.  7.  President,  etc.,  to  be  chosen  by  the  board  of  directors  aad  all  certi- 
ficates of  stock  or  shares  to  be  signed  by  president  and  countersigned  by  secre- 
tary under  seal  of  the  company. 

Sec.  8.  Act  to  be  in  force  fifty  years,  but  may  be  amended  by  the  legislature 
after  ten  years. 

Sec.  II.  Books  for  subscription  to  bo  opened  in  Minneapolis  on  the  second 
Monday  of  March,  1868. 

Sec.  III.    Act  to  be  in  force  from  and  after  its  passage. 

Approved  March  5, 1868. 


Special  Laws,  1868,  p.  357.  An  Act  to  amend  Section  one,  of  chapter  one 
hundred  and  seventeen,  of  the  Sf.eeiol  Imics  of  the  year  1868,  relating  to  the 
Minnesota  Mining  Companif. 

Sec  1.  Name  changed  to  *'Bumt  Rock  Mming  Company*'  and  vested  with 
the  usual  obligations  and  privileges. 

Approved  March  3,1869. 


Special  Laws,  1870,  p.  421.  An  Act  to  aid  the  Belle  Plaine  Salt  Com- 
pany in  the  development  of  Salt  Springs  at  Belle  Plaine. 

Sec  1.    Grant  of  six  sections  of  land  to. 

Sec.  2.  Expenditure  of  the  amount  of  $1600  entities  the  company  to  one 
section  of  land  till  six  such  amounts  have  been  expended. 

Sec.  3.  Such  lands  not  to  be  sold  by  the  company  for  less  than  |2.50  per 
acre;  such  rates  to  be  reported  to  the  governor.  The  company  to  be  liable  to 
the  stxte  for  all  money  so  procured  not  invested  in  carrying  on  business. 
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Skc.  4.  A  duty  of  one  cent  per  baahel  of  manufactured  salt,  Uil  an  aff8:re- 
gate  sum  shall  haye  been  so  paid  equal  to  the  Talue  of  such  lands  reoeived  at 
$2.50  per  acre.      ' 

Sec.  5.  The  state  reserves  the  rif^ht  to  impose  any  duty  upon  the  product  of 
salt  springs,  which  may  be  disooyered  upon  such  lands  granted. 

Sec.  6.  Any  authorized  officer  may  administer  the  necessary  affidavits  or 
oaths. 

Sec.  7.    To  be  in  effect  from  and  after  its  passage. 

Approved  Feb.  28,  1870. 


Special  Laws.  1870,  p.  4M.    An  act  to  amend  the  above  act. 

Ssc  1.  Amends  Sec.  5  of  Chap.  114  special  lawd  of  1870.  All  liabilities  and 
obligations  to  the  state  which  the  said  company  shall  be  under  or  may  assume, 
shall  attach  to  assigns  or  representatives  in  case  of  sale  or  transfer. 

Approved  March  4, 1870* 


Special  Laws,  1870,  p.  444.  An  Act  authorizing  the  Great  Western  Mining 
Company  of  the  State  of  Pennsylvania,  to  transact  business  in  this  statSn 

Section  1,  Sjid  company  authorized  to  purchase  and  hold  real  estate  neces- 
sary to  carry  on  the  business  of  mining  in  this  state. 

Sec.  2.  To  appoint  a  resident  agent  in  this  state  at  Thompson  City,  upon 
whom  service  of  process  may  be  made. 

Sec.  8.    To  be  in  force  from  and  after  its  passage. 

Approved  March  1, 1870. 


Special  Laws,  1871,  p.  868.  An  Act  to  further  aid  the  Belle  Plains  Salt 
Company  in  the  development  of  salt  springs  at  Belle  Plains. 

Sectiok  1.  Six  additional  sections  of  ''salt  lands''  upon  the  same  conditions 
as  above,  provided  that  the  favorable  opinion  of  some  competent  geologist,  to 
be  appointed  by  the  governor,  shall  be  secured. 

Sbo.  2.    To  be  in  force  from  and  after  its  passage. 

Approved  March  6, 1871. 


Special  Laws,  1871,  p.  865.    An  Act  authorizing  the  Lake  Superior  and 
Puget  Sound  Company  of  the  State  qf  Maine  to  transact  business  in  this  State. 

Snch  powers  are  granted  as  are  necessary  for  the  purpQs^  of  carrying  on  its 
bfuiness. 
An  agent  to  be  appointed  at  Crew  Wing, 
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Special  Laws,  1882,  p.  428.  An  Adt  granting  to  th$  Belle  Plaint  salt  com- 
vany  land  tn  aid  of  the  work  of  said  compang. 

Be  it  enacted  by  the  Legidatare  of  the  State  of  Minnesota. 

Section  1.  That  six  sectiong  of  the  "salt  Unds"  of  the  state  ace  hereby 
fcranted  to  the  Belle  Phiine  salt  company,  for  the  purpose  of  aiding  the  same  in 
the  continuance  of  its  work,  upon  the  terms  and  conditions  hereinafter  named. 

Sbc.  2.  Whenever  the  said  company  shall  have  bored  to  the  depth  of  two 
hundred  feet  below  the  bottom  of  the  present  bore  or  well,  the  said  company 
shall  be  entitled  to  a  conveyance  of  two  sections  of  said  land,  and  whenever  said 
company  shall  have  bored  to  the  further  depth  of  two  hundred  feet,  or  four  hun- 
dred feet  from  the  bottom  of  ite  present  bore  or  well,  the  said  company  shall  be 
entitled  to  a  conveyance  of  two  additional  sections  of  said  land,  and  whenever 
the  said  company  shall  have  bored  to  the  depth  of  five  hundred  feet  from  the 
bottom  of  the  present  bore,  the  said  company  shall  be  entitled  to  a  conveyance  of 
of  the  other  two  sections  of  said  land.  Upon  proof  satisfiustory  to  the  irovemor 
that  said  company  has  fulfilled  the  terms  and  conditions  entitling  the  same  to 
any  installment  of  said  lands,  the  governor  shall  certify  that  fact  to  the  state 
auditor,  and  upon  filing  such  certificate  together  with  a  certificate  signed  by 
the  president  and  secretary  of  said  company,  that  the  lands  described  therein 
have  been  selected  bv  the  said  company  under  the  grant  made  by  this  act,  in 
the  office  of  the  state  auditor,  he  shall  receive  and  record  the  same,  and  there- 
upon the  title  to  the  lauds  so  selected  shall  vest  in  the  said  company,  which  shall 
thereby  become  and  be  the  owner  thereof  in  fiee. 

Provided,  however.  That  in  making  the  said  selections  of  said  lands  the  raid 
company  shall  not  be  allowed  to  select  the  whole  or  any  part  of  any  section  of 
land  on  which  any  of  the  salt  springj  selected  by  the  state  is  located,  or  more 
than  three  sections  selected  and  located  by  the  state  as  applicable  or  appurten- 
ant to  any  one  spring. 

Sbc.  3.  Should  the  said  company  get  through  the  rock  at  less  than  five  hun- 
dred feet  below  the  bottom  of  the  present  well,  and  there  find  salt  deposits  of 
sufficient  strength  to  be  profitably  worked,  and  should  cease  boring  therefor, 
and  that  fact  be  proven  to  the  satisfectio.i  of  the  governor,  the  said  company 
sb  ill  receive  a  pro  rata  proportion  of  the  said  lands— upon  such  proof  the  gov- 
ernor shall  'certify  the  fact  to  the  state  auditor,  which  certificate,  with  a 
certificate  of  the  said  company,  filed  and  recorded  in  the  office  of  the  state  audi- 
tor as  aforesaid,  shall  vest  the  title  of  the  lands  so  selected  in  said  company  as 
herein  before  provided. 

Sbc.  4.    This  act  shall  take  effect  and  be  in  force  from  and  after  its  passage. 

ApprovediFebruary  29,  1872, 
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PLATE  1, 

Fig.  1.    Map  BhowiafT  rock-outcrops  in  central  Minnesota. 

Fiff.  2.    Dikes  of  trap  in  syenite,  sec.  28,  T.  134.  R.  32  (see  page  88). 

Fig.  3.    Beaches  of  lake  Agassiz. 

By  Warren  Upham. 
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tobt SoBTBY  OF  Minnesota,  for  thb  yeab  1873.  145  pp.,  890.;  with 
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county  maps  and  a  namber  of  other  illostratioos.  By  N.  H.  Winchell, 
assisted  by  M,  W.  Harrington.    Also  in  the  Regents'  Report  for  1875. 
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SXTBYBT  OF  MINNESOTA,  FOB  THB  TBAB  1876.     248  pp.,  8vO.;   foOT  OOlorod 

maps  and  several  other  illustrations.  By  N,  H,  Winchell;  with  reports  on 
Chemistry  by  8.  F,  Peckhom,  Ornithology  by  P.  L.  Hateh^  Entomology  by 
AUm  Whiimanp  and  on  Fungi  hj  A.  E.  Johnson,  Also  in  the  Regents*  Re- 
port for  1876. 

The  Sixth  Annual  Report  on  the  Geological  and  Natural  Histobt 
SuBYBT  OF  Minnesota,  fob  the  tbab  1877.  226  pp.,  8vo.;  three  geolog- 
ical maps  and  several  other  illustrations.  By  2f.  H.  WincheU;  with  reports 
on  Chemical  Analyses  by  8.  F,  Peckham,  on  Ornithology  by  P.  L.  Hatch,  on 
Entomology  by  AUen  Whitman,  and  on  Geology  of  Rice  county  by  L,  B. 
Sperry,    Also  in  the  Regents*  Report  for  1877.    Out  of  print. 

The  Sbtenth  Annual  Report  on  the  Geological  and  Natubal  Histobt 
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one  plates.  By  N.  H,  WincheU;  with  a  Field  Report  by  C.  W.  Hall,  Chemical 
Analyses  by  8,  F.  Peekham,  O.nithology  by  P.  L.  Hatch,  a  list  of  the  Plants 
of  the  north  shore  of  Lake  Superior  by  B,  Juni,  and  an  Appendix  by  0.  Z^ 
Herrick  on  the  Microscopic  Entomostraca  of  Minnesota  (twenty-one  plates). 
Also  in  the  Regents*  Report  for  1878. 

The  Eighth  Annual  Report  on  the  Geological  and  Natural  Histobt 
SuBTBT  OF  Minnbsota,  FOR  THE  TBAB  1879.  183  pp.,  8vo.;  ODC  plate  (Cas- 
toroides).  By  N,  H.  Winchell,  Containing  a  statement  of  the  methods  of 
Microscopic  Llthology,  a  discussion  of  the  Cupriferous  Series  in  Minnesota, 
and  descriptions  of  new  species  of  brachiopoda  from  the  Trenton  and  Hudson 
River  formations;  with  reports  on  the  Geology  of  Central  and  Western  Min- 
nesota, by  Warren  TJpham;  on  the  Lake  Superior  region,  by  0,  W,  Hall; 
lists  of  Birds  and  of  Plants  from  Lake  Superior,  by  Thomas  8*  Roberts; 
Chemical  Analyses  by  5.  F.  Peekham;  report  by  P.  L,  Hatch;  and  four  Ap- 
pendixes.   Also  in  the  Regents  Report  for  1879  and  1880. 
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The  Nikth  AhitiJal  Rbpobt  on  thb  Gtbological  aitd  Natubal  Histobt 
Sttbyet  09  MiNNBSOTA,  FOR  THB  TBAR  1880.  3d2  pp.,  Bvo.;  three  appen- 
dixes, two  wood  cat  illof  tratiooB,  and  six  plates.  By  N.  H,  WineheU.  Con- 
taining field  descriptions  of  442  cicystalline  rock  samples,  and  notes  on  their 
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1880. 

9.  Circular  No.  5.  To  Builders  and  Quazrymen.  Relating  to  the  collection 
of  two-inch  cubes^  of  building  stones  for  physical  tests  of  strength,  and  for 
chemical  examination,  and  samples  of  clay  and  brick  for  the  General  Mu- 
seum.   1880. 

10.  Circular  No.  6.  To  owners  of  mills  and  unimproved  water-powers. 
Relating  to  the  Hydrology  and  water- powers  of  Minnesota.    1880. 
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ADDRESS. 


Thb  Uniyebsitt  of  Mikkesota,  ) 

MmNBAPOLis,  MiKN.,  Deoembbr  1,  1883.     ) 

To  the  President  of  the  University  : 

Deab  Sib  : — I  herewith  tender  the  twelfth  annual  report  on  the 
progress  of  the  geological  and  natural  history  survey  of  the  state. 
I  include  herewith  a  copy  of  the  first  annual  report  for  reprint,  that 
report  being  in  constant  demand,  and  out  of  print  now  for  several 
years. 

Very  respectfully,  your  obedient  servant. 

N.  H.  WINCHELL, 
State  g$ologist  and  curator  of  the  general  museum. 
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REPORT. 


I. 

SUMMARY  STATEMENT. 


The  greater  portion  of  the  time  daring  the  year  has  been  given 
both  by  Mr.  TJpham  and  myself  to  the  final  revision  of  manuscript 
for  the  printers,  and  the  reading  of  proofs,  the  preparation  of  maps, 
plates  and  other  illustrations,  and  the  proofs  of  the  same,  intended 
for  the  final  report.  At  the  present  time  the  following  county 
maps  have  been  drawn,  lithographed  and  printed,  showing  the 
igeology  and  surface  features,  and  the  lines  of  equal  elevation  above 
the  sea,  viz :  Houston,  Winona,  Fillmore,  Olmsted,  Mower, 
Dodge,  Freeborn,  Waseca,  Steele,  Blue  Earth,  Faribault,  Waton- 
wan, Martin,  Cottonwood,  Jackson,  Murray,  Nobles,  Pipestone, 
Rock,  Lincoln,  Lyon,  Yellow  Medicine,  Redwood,  Brown,  Nicollet, 
Le  Sueur,  Wabasha,  Scott,  Carver,  Wright,  Lac  qui  Parle  and 
Big  Stone.  The  counties  of  Goodhue,  Rice  and  Dakota,  and  several 
others,  are  in  course  of  preparation,  and  sufficient  examination  has 
been  made  in  nearly  all  the  state  as  far  north  as  Braiuerd,  for 
mapping  and  reporting  in  the  same  manner.  In  the  northern  half 
of  the  state,  also,  much  information  has  been  obtained.  Considera- 
ble more  work,  however,  must  be  done  in  that  portion  north  of  the 
parallel  of  Brainerd.  where  the  difficulties  of  travel  increase,  and  at 
the  same  time  the  geology  becomes  more  difficult  and  more  interest- 
ing.   Should  the  survey  continue  according  to  the  present  design. 
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the  system  of  mappino:,  and  of  description  now  being  carried  on^ 
could  be  extended  over  the  rest  of  the  state  with  the  present  force- 
in  about  two  years.  But  as  the  printing  of  work  already  prepared^ 
and  the  preparation  of  maps  and  manuscript  for  future  publication,, 
require  much  time,  the  completion  of  the  survey  cannot  be  looked 
for  before  the  close  of  the  fourth  year  from  this  date.  In  addition 
to  this,  other  matters  demanded  by  the  law  of  the  survey  are  very 
important,  but  have  been  kept  in  abeyance  pending  the  completion 
of  the  strictly  geological  portion.  This  will  require  further  time 
and  other  workmen.  It  is  to  be  hoped  that  the  regents  will  always 
be  able  to  make  an  annual  increment  to  the  scientific  knowledge- 
of  the  state,  in  some  of  the  departments  of  investigation  covered  by 
the  law  of  the  survey,  and  that  the  annual  reports  will  successively 
become  more  and  more  valuable  as  they  become  more  numerous. 

Dr.  P.  L.  Hatch,  who  has  charge  of  the  investigations  in  the 
ornithology  of  the  state,  has  signified  his  intention  to  render  his- 
final  report  on  the  same  by  or  before  the  spring  of  1885. 

Mr.  G.  L,  Herrick  has  been  given  the  mammalogy  of  the- 
state,  with  a  view  to  the  collection  of  skins  and  skeletons  for  the 
museum,  and  the  preparation  of  a  final  report  on  the  same  for  pub- 
lication in  about  two  years. 

The  only  field-work  done  in  1883,  was  that  performed  by  myself 
in  Dakota  and  Rice  counties,  including,  however,  further  sup> 
plementary  observations  in  Mower  and  Olmsted  counties,  and  a. 
visit  to  some  of  the  localities  of  red  quartzyte  in  the  southwestern 
part  of  the  state. 

Additional  cases  will  soon  be  placed  in  the  south  room  of  the 
museum,  intended  for  the  reception  of  the  collections  of  Dr.  H.  G» 
Hovey,  representing  the  stalactitic  deposits  of  caves.  This  valua* 
ble  collection  ban  kindly  been  loaned  to  the  University,  on  deposit,, 
with  the  only  condition  that  it  shall  be  well  kept. 

Further  additions  have  been  made  to  the  specimens  belonging  to- 
the  general  museum,  through  the  agency  of  the  survey,  and  by 
donation  by  the  following  individuals:  W.  H.  Scofield,  of  Cannon 
Falls,  and  James  B.  Alexander,  of  Minneapolis,  and  by  several 
others. 

These  are  all  enumerated  in  the  accompanying  list  of  accessions. 
Exchanges  have  been  made  with  A.  S.  Tiffany,  of  Davenport,  Iowa,, 
and  John  Eyerman,  of  Garbondale,  Pennsylvania. 

The  final  paper  of  Mr.  Herrick  on  a  portion  of  the  Crustacea  of 
Minnesota  is  presented  in  this  report,  illustrated  by  a  number  of 
octavo  plates. 
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The  intent  of  the  circular  issued  in  1876*  respecting  the  botany 
of  the  state  has  been  kept  in  mind.  Several  correspondents  have 
contributed  both  information  for  a  catalogue  of  the  species  of 
the  state,  and  specimens  for  the  University  herbarium.  Daring  the 
past  two  years  Mr.  Upham  has  been  engaged,  casually,  in  the 
preparation  of  such  a  catalogue.  There  has  been  considerable 
request  for  a  more  complete  listing,  and  a  more  full  account  of  the 
distribution  of  the  plants  of  the  state,  than  that  of  Dr.  I.  A.  Lap- 
ham,  published  by  the  Minnesota  Horticultural  Society  in  1875. 
The  very  complete  catalogue,  prepared  by  Mr.  Upham,  is  herewith 
transmitted  as  a  part  of  this  report.  It  includes  and  classifies  all 
reliable  information  on  the  botany  of  the  state  that  is  now  in  the 
possession  of  the  survey,  and  will  serve  as  a  more  useful  guide  to 
students  and  others  in  the  future  study  of  species  and  their  distri- 
bution in  Minnesota,  than  anything  hitherto  published. 

*8«e  the  fifth  Annual  report,  p.  M. 
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PALiEONTOLOGT. 


(a) 

A  NEW  TRILOBITE. 

In  the  refcistration  of  specimens  lying  in  the  uniyersity  bnilding  in  1873,  a  lot 
of  miscellaneous  rocks,  minerals  and  fossils  was  found  that  had  been  presented 
by  the  late  Dr.  Stoneman,  of  Minneapolis.  The  fossils  and  rocks  were  evidently 
from  the  Trenton  at  Minneapolis;  but  as  there  were  no  certain  records  respect- 
ing them,  they  were  all  entered  in  the  register,  and  finally  published,  with  the 
note  ^'records  doubtfal/'  {Fifth  annual  report^p.  207.)  A  slab  of  foesiliferous 
limestone  (Mus.  reg.  number  90)  was  thus  referred  to  the  Trenton.  In  the  sixth 
annual  report  a  fossil  trilobite,  contained  on  this  limestone,  was  reported  after  a 
casual  examination  as  Asaphus  extans,  of  Hall  {loe,  eit.  p.  161),  with  the  remark 
that  it  *'  has  a  tuberculated  surface  instead  of  lamellose.'* 

In  March,  1879,  at  the  request  of  Lieut.  A.  W.  Vogdes  this  specimen  was  sent 
to  him,  and  he  kindly  returned  the  specimen  with  the  following  description,  as 
a  new  species,  naming  it  in  honor  of  Dr.  Stoneman. 

Bathyurus  Stenemanii,  Vogdes. 

Description. — The  pygidium  is  semi-elliptical,  strongly  convex, 
and  the  width  a  little  greater  than  the  length.  The  anterior  mar- 
gins are  rounded,  and  the  outer  margins  bordered  by  a  well-defined 
convex  limb.  The  axis  is  greatly  elev^ated  above  the  sides,  and 
tapers  toward  the  posterior  margin,  terminating  on  the  limb.  The 
axis  is  marked  with  six  rings,  the  first  three  being  well-defined, 
and  the  others  not  so  prominently  marked.  The  dorsal  furrows 
are  deep  and  well-defined.  The  lateral  lobes  are  convex  and  have, 
five  pleursB,  each  being  separated  by  deep  furrows.  The  pleurae 
are  bent  downward  and  backward,  and  arise  from  the  second,  third, 
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fourth  and  fifth  axial  rings.  They  all  terminate  upon  the  inside 
furrow  which  outlines  the  limb.  The  points  of  termination  of  the 
anterior  pleurae  are  on  a  line  with  the  fifth  axial  ring.  The  entire 
pygidium  ia  bordered  by  a  convex  limb  which  runs  from  the  fulcral 
points  around  it.  This  limb  has  an  inside  furrow  which  runs  be- 
tween the  termination  of  the  axis  and  the  limb,  and  also  an  exte- 
rior furrow. 

The  surface  of  the  upper  dorsal  shell  is  tuberculated. 

Locality  and  geohgical  position.  The  Trenton  group,  probably 
at  Minneapolis,  Minn.  Presented  to  the  general  museum  by 
Dr.  Stoneman. 

This  species  approaches  B.  senectus,  Billings,  which  has  six 
axial  rings  and  four  pleurae.  Our  species  is,  however,  much  larger, 
and  has  a  greater  member  of  pleursB.  The  inside  marginal  furrow 
in  the  former  species  does  not  extend  all  around  the  pygidium,  but 
«nds  abruptly  at  the  end  of  the  axis.  Billings^  species  comes  from 
the  Potsdam  group>  and  ours  from  a  different  geological  position. 
Our  species  has  certain  affinities  with  B.  extans.  Hall.  The  most 
prominent  points  of  difference  between  the  former  and  that  described 
by  Prof.  Hall  is  that  the  axis  is  more  elevated,  and  does  not  term- 
inate so  abruptly  behind  in  B.  Stonemanii.  The  second  dorsal 
surface  of  B.  extans  is  marked  with  fine  imbricating  lamellose  striae, 
whereas  our  species  is  tuberculated. 

There  are  three  species  of  this  genus  described,  which  appear  in 
the  Trenton  group;  viz.  B.  extans,  H.;  B.  longispinus,  Walcott; 
and  B.  spiniger,  H.  Of  all  the  species,  with  the  exception  of  the 
last  named,  the  pyficidmm  is  known,  and  differs  from  our  species. 
The  only  part  of  B.  spiniger,  H.  known  to  us  is  the  glabella,  which 
is  tuberculated;  and  there  is  reason  to  suppose  that  our  species  may 
be  the  missing  part  of  B.  spiniger;  but  it  is  doubtful. 

The  geological  range  of  the  genus  is  from  the  Potsdam  to  the 
Trenton  group. 

(b) 

THE  AGE  OF  THE  SANDROCK  AT  AUSTIN,  MOWER  COUNTY. 

On  page  860,  of  the  first  volame  of  the  final  report  of  the  surrey,  the  age  of 
the  sandrock  at  Austin  is  considered,  and  Prof.  H.  S.  Williams  is  referred  to  as 
authority  for  identification  of  some  fossils  from  that  rock.  In  justice  to  Prof. 
Williams  the  full  text  of  his  communication  relating  to  these  fragmentary  fossils 
is  herewith  given.  If  the  horizon  of  the  Austin  >ock  be  in  the  Marcellas  shale, 
the  overlying  limestones  appearing  in  the  Cedar  valley  near  the  state  boundary, 
and  further  south,  probably  all  fail  into  the  Hamilton  epoch. 
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Ijetter  of  professor  H.  S.  Williams. 

Ithaca,  N.  Y.  Sept.  14,  1888. 
My  dear  professor: 

I  have  examined  the  fossils  which  you  sent  me  and  enquire  par* 
ticnlarly  about  in  your  letter  received  a  few  days  ago.  The  fossils 
are  in  very  imperfect  condition;  and  the  identification  clinnot  be 
regarded  as  anything  more  than  strongly  probable. 

I  find  in  the  lot,  No.  2699,  from  Gregson's  mill,  these  species. 

1.  Productella  truncata.  Hall. 

2.  A  minute  lamellibranch,  like  a  small  Aviculopecten. 

3.  A  minute  brachiopod;  oval,  the  smooth  surface  resembling 
a  dorsal  valve  of  Ambocaelia,  or  (?)  a  Nucleospira. 

The  second  lot,  No.  2698,  Cedar  valley,  Mower  county,  resembles 
lithologically  the  first,  but  the  fossils  are  distinct.    They  are: 

1.  Numerous  cavities  of  Aulopora,  or  some  allied  form. 

2.  A  small  shell  like  Atrypa  reticularis. 

3.  A  small  shell  like  Atrypa  aspera. 

4.  Gyrtina,  like  G.  Dalmani,  but  may  be  G.  Hamiltonensis. 

5.  Several  lenticular-shaped  shells  which  are  probably  Nucleo- 
spira. 

6.  A  minute  terebratuloid  shell  of  Rensselaeria  type. 

7.  Trace  of  a  crinoid  stem. 

8.  Trace  of  a  minute  Orthoceras,  or  (?)  Goleolus. 

Tou  ask  my  opinion  of  the  horizon.  The  material  is  very  unsatis* 
factory  for  basing  a  judgment  on;  but  if  the  two  lots  are  from  the 
same  horizon,  it  is  safe  to  say  that  it  is  lower  Devonian. 

Taking  the  fauna  of  No.  2698  alone,  I  see  nothing  to  prevent  its- 
being  Upper  Silurian. 

If  the  two  lots  are  from  the  same  rock,  I  should  think  from  study 
of  the  fossils  that  the  horizon  is  not  higher  than  the  base  of  the 
Hamilton  period,  nor  lower  than  the  Lower  Helderberg;  and  my 
opinion  is  that  the  fauna  belongs  to  an  horizon  near  the  base  of 
the  Hamilton,  either  below  it  or  in  an  equivalent  position  to  the 
New  York  Marcellus.  The  only  really  satisfactory  fossil  is  the 
Productella  truncata;  and  if  the  brachiopods  of  No.  2698  came 
from  a  stratum  under  that  containing  No.  2699,  the  No.  2698  lot 
might  occur  anywhere  from  the  Hamilton  down  to  the  Lower  Hel- 
derberg. 

Nucleospira,  Rensselaeria  type  of  terebratuloids,  Cyrtinas  and 
Atrypas  are  genera  passing  from  Upper  Silurian  through  lower 
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and  middle  Devonian,  and  generally  do  not  mark  any  narrow  geol- 
ogical  horizon. 

From  their  association,  and  the  fact  that  they  are  all  minute 
specimens,  I  should  conclude  that  it  was  a  sparse  fauoa  in  unfavor- 
able conditions  of  life,  which  might  have  lived  anywhere  along  the 
Upper  Silurian  or  lower  Devonian.  But  the  Prodactellas  are 
peculiar  to  Devonian  and  above. 

Have  you  not  found  any  more  fossils?  I  should  think  a  careful 
search  might  briog  out  specimens  that  could  be  determined  accur- 
ately; and  it  would  be  interesting  to  have  the  means  of  determining 
the  species. 

I  wish  [  could  speak  more  definitely;  but  this  is  the  best  I  can 
do  with  the  specimens.     Possibly  this  with  the  stratigraphical 
study  may  enable  you  to  fix  the  horizon. 
With  sincere  regard, 

HbNBY  S.  WiLLUlCS. 


(c) 

CRETACEOUS  LEAVES.    PRELIMINARY   STATEMENT  OF  DR.   LEO 

LESQUEREUX. 

The  Cretaceous  leaves  that  have  been  obtamed  in  the  state  from  the  Cieta- 
oeons  strata  at  various  times  and  places,  have  been  submitted  to  Mr.  Lesqne- 
lenx  for  determination  and  description.  His  final  report  will  appear  sub- 
seqnently.  but  the  following  is  the  result  of  a  preliminary  examination  of  a  lot 
of  specimens  sent. 

Dr.  Ijesquereux'  preliminary  report. 

The  content  of  the  lot,  received  Jao.  14th,  1884,  is  as  follows: 

No.  2143.  From  the  north  side  of  the  Minnesota  river, 

eight  miles  below  New  Ulm,  represents  4  small 
undeterminable  fragments  of  leaves,  without 
trace  of  nervation. 
No.  2148  (A)  is  apparently  a  Proteoides. 

No.  3808  and  5163.  Ficus,  sp.  nov.    No.  5163  is  not  marked  in 
the  list:  it  is  labelled  Austin. 

No.  3911.  Laurua  NebrascensiSy  Lesq.,  1  leaf  on  three 

pieces. 
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No.  3912.  Salix  proUc^dia,  Lesq. 

The  above  three  Nos.  are  from  the  north 
side  of  the  Cottonwood  riTer  in  Brown  county. 

No.  5155  (A).  PoptUus  lUigiosa,    Heer,  and  Ginnamomum 

Schenchzerii  Heer,  on  the  reverse. 

No.  5155  (B),  5155  (H),  5157  (B).    Magnolia  aUemans,  Heer, 

No.  5155  (C).  Papulus  elegans^  Lesq. 

No.  6155  (D).  "       Lancastriemis^  Lesq,,  (probably  equi- 

valent to  P.  cordifolia,  Newby). 

No.  5155  (F).  Frotophyllum  crednerioides^  Lesq.  ?,  a  fragment ; 

base  of  leaf  destroyed. 

No.  5155  (G,  K).      Populites  eyclophyllus^  Lesq. 

No.  5155  (I).  2  fragments  of  superposed  leaves,  the  lower 

only  distinct,  Cinnamomum  Scheuchzeriy  Heer. 

No.  5155  (L,  M,  0).  Populus  litigiosaj  Heer,  3  specimens. 

No.  5155  (P).  PopulfM  cyclophylla^  Lesq,  a  deformed  plicate 

leaf. 

No.  5155  (Q  &  S)  2  fragments  of  the  same  leaf,  Platunus  prinue^ 
va,  Lesq.,  with  a  leaf  of  Persea?^  not  yet  satis- 
factorily determined,  upon  5155  (S). 

No.  5155  (E,  N,  B).  3  undeterminable  fragments. 

14  0.  5156.  Ci88U8^  sp.  nova;  name  not  yet  fixed. 

No.  5157  (C).  Salix  proiecrfolia^  Lesq.,  with  a  branch  of  Pla- 

tanus  on  the  reverse. 

No.  5157  (A).  Andromeda  Parlatorii^  Heer. 

No.  5158.  Laurus^  sp.  nov.,  not  yet  named. 

No.  5159.  Fragment  of  undeterminable  leaf,  areolated  by 

maceration,  Ficiis??. 

No.  5160.  Leaf  of  Pinus^  sp.  nov,,  not  yet  named. 

No.  5161.  No  vegetable  remains,  but  shell  or  some  animal 

organism.  The  osseous  plate  marked  by  striae 
is  2  mm.  thick.  I  have  seen  along  the  banks 
of  the  Cottonwood  river,  above  the  Cretaceous 
sandstone  bearing  leaves,  large  fragments  of 
shells  as  thick  as  the  plate  upon  5161. 

No.  115.  Sequoia^  sp.  nov.,  a  specimen  which  I  have  al- 

ready seen  here.    It  bears  the  label   Austin, 
Minn. 
As  far  as  I  can  see  now,  the  specimens  remarked  above,  36   in 

number,  represent  16  species,  of  which  4  are  new  ones.    Of  the  spe- 
cies, 10  have  been  recognized  in  the  Dakota  group  of  Kansas  and 

Nebraska,  and  two  in  the  same  Cretaceous  formation  of  Colorado- 
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The  specimens  No.  5155  A,  down  to  the  end  of  the  list  except 
No.  115,  are  all  from  the  Cottonwood  river,  about  3  miles  south 
of  New  Ulm.  They  have  one  species  in  common  with  those  of  the 
north  side  of  the  same  river  in  Brown  county,  where-from  3  speci- 
mens only  are  sent. 

The  whole  lot  is  valuable  and  interesting.  One  quarto  plate  would 
suffice  for  the  figures  of  the  more  interesting  species  and  best  spe- 
cimens. L.  Lesquebsux. 

Columbus,  0,,  Jan.  17th,  1884. 
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THE  COMPARATIVE  STRENGTH  OF  MINNESOTA 
AND  NEW  ENGLAND  GRANITES. » 


By  N.  H.  WINCHELL. 


Having  bad  occasion  recently  to  investigate  the  qualities  of  some 
of  the  building-stones  of  the  state  of  Minnesota,  I  found  it  neces- 
sary to  subject  them  to  the  usual  test  of  crushing^  in  the  form  of 
two-inch  cubes,  to  learn  their  strength  under  pressure. 

Samples  were  obtained  and  dressed  to  the  required  size  by  Mr. 
William  Keating,  at  the  marble  shops  of  Messrs.  Sullivan  and 
Farnham,  in  this  city.  About  one  hundred  of  such  cubes  were 
formed,  embracing  sandstones,  limestones,  granites  and  trap  rocks. 
It  is  intended  in  this  paper  to  show  the  remarkable,  and  uoezpected 
strength  exhibited  by  the  crystalline  rocks  of  the  state,  and  espe- 
•cially  their  superiority  in  that  respect  over  the  granites  of  New 
England. 

The  samples  as  prepared  were  carefully  chosen  to  avoid  flaws  and 
imperfections  due  to  weathering.  They  were  dressed  by  hand  with 
hammer  and  chisel  on  all  six  sides,  so  as  to  measure  two  inches  on 
all  their  edges,  the  sides  all  being  exact  squares.  They  were  sent 
to  Gen.  Gill  more,  at  Fort  Wads  worth,  Staten  Island,  where  they 
were  subjected  to  the  test  for  crushing-strength  in  the  same  manner 
as  many  other  granites  that  have  been  tested  and  reported  by  him 
in  his  reports  to  the  chief  of  engineers,  fro.u  other  portions  of  the 
United  States  and  particularly  from  New  England.  The  tests  were 
applied  by  Mr.  James  Cocroft,  under  the  direction  of  Gen.  Q.  A. 

1  Read  at  the  Minneapolis  meeting  of  the  American  AasoclatioD  for  the  Advanoement  Of 
«cieQoe.    August,  188S. 
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Oillmore.  The  samples  were  crashed  between  steel  plates,  one  of 
each  stone  in  the  direction  of  the  schistose  structure,  and  another 
in  the  direction  across  it,  the  former  being  designated  as  on  edge 
and  the  latter  as  on  bed,  with  the  following  results: — 


Kind  of  stone. 

Loeatlon  of  quarry. 

Position. 

Strength  in  pounds 

of  sample. 

^%SSS*" 

Dark  trap  roek« 
massive  melaphyr. 

Dark  trap  rock, 
from  a  dyke. 

Gray  gabbro, 
massive,  flue. 

tCed,  line  syenite. 

Bed,  quartzoee 
syenite. 

Taylor's  Falls. 
Chisago  Co. 

TIseher'S  ereek. 
Near  Duluth,  St.  Louis  Co. 

Bice's  Point. 
Duluth,  St.  Louis  Co. 

Beaver  Bay. 
Lake  Co. 

Watab. 
Benton  Co. 

Bast  St.  Cloud. 
Sherburne  Co. 

Pipestone  City. 
Pipestone  Co. 

East  St.  Cloud. 
Sherburne  Co. 

East  St.  Cloud. 
Sherburne  Co. 

(Probably  imperfeet  sample). 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed 

106,000 
106,000 

106.000 
106,000 

109/)00 
106,000 

106,000 
108,000 

108,000 

est. 

103,COO 

112,000 
106,000 

111,000 
106,000 

106.000 

112,000 
106,000 

86.000 
100,000 

26,880 
26,250 

26,260 
26,280 

27,260 
26,280 

26,600 
26,760 

26,760 

est. 

26,760 

Bed,  quartzose 
syenite. 

Bed  quartzyte. 

Massive,  gray 
syenite,  quartzose. 

PIne-gralned 
gray  syenite. 

Fine-grained 
gray  syenite. 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed 
On  edge 

On  bed 
On  edge 

28,000 
26,260 

27,760 
27.000 

^% 

28,000 
26.260 

21,600 
26^00 

Average  of  20  samples 

101,800 

26,200 

In  order  to  make  a  fair  comparison,  the  resultant  average  strength 
of  the  Minnesota  samples,  crushed  between  steel  plates,  should  be 
referred  to  wooden  cushions.  Gen.  Gillmore^s  experiments  indicate 
that  granite  has  a  greater  crushing  strength  between  steel  plates 
than  between  cushions  of  wood,  amounting  to  eleren  per  cent,  of 
its  strength  between  steel.  Making  such  allowance,  the  average  of 
the  Minnesota  granites  becomes: — 

Average  strength  of  20  samples  of  Minnesota  granites^  unpolished^ 
crushed  between  wooden  cushi^ms.  2'inch  cubes.  Pounds,  per  2- 
inch  cube,  93,272;  per  square  inch,  23,318. 

This  result  is  obtained  by  including  the  strength  of  the  samples 
both  on  edge  and  on  bed,  in  one  calculation. 

The  following  table  shows  the  same  data  for  20  New  Eneland 
granites,  reported  by  6en«  Gillmore,  the  most  of  them  being  onbed, 
or  undesignated  as  to  whether  on  bed  or  on  edge.  In  selecting 
these,  I  have  chosen  the  stronger  of  the  New  England  granites 
from  general  Gillmore^s  table,  and  in  all  cases  except  one  (in  which 
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the  strength  on  edge  is  reported  greater  than  on  bed)  I  have  chosen 
the  strength  on  bedy  when  known.  I  have  avoided  every  possible 
error  that  might  be  made  in  favor  of  the  Minnesota  granites,  and 
allowed  several  points  that  count  in  favor  of  the  New  England 
granites. 

Table 

showing  the  compressive  strength  qf  New  England  granites  in  2-inch 
cubes,  as  reported  by  Gen.  Gillmore  (Report  of  the  Chief  of  En- 
gineers, 1875,  Part  II).  In  unpolished  cubes,  on  wooden  cushion- 
blocks. 


Position. 

Strength  in  ponnds 

of  sample. 

•^'iSS"* 

Blue. 

Stftten  I.,  New  York. 

Fox  Island,  Me. 

Dlx  Island,  Me. 

Qulncy,  Mass. 

Qulncy,  Mass. 

North  river,  N  Y. 

Cape  Ann,  Mass. 

Mystic  river.  Conn. 

Stony  ereek,  Conn. 

Fall  River.  Mass. 

Keene,  N.H. 

Keene,  N.  H. 

Millstone  Ft,  Conn. 

Greenwich,  Conn. 

New  London,  Conn. 

New  I^Midon,  Conn. 

yinal  Haven,  Me. 

Vlnal  Haven,  Me. 

Westerly.  R.  L 

Westerly,  K.  I. 

On  bed 

89,280 
00.000 
80,000 
71,000 
60.000 
58,700 
00,760 
72,600 
00,000 
63,'n» 
41,0U0 
61,000 
d«,70O 
46.200 
60,000 
66,700 
62,000 
07.000 
68,760 
60,760 

23,815 
14376 
16,000 

Dark. 

?I;SI} 

Light. 
Flagging. 

On  bed" 
On  bed 
On  bed 
On  bed 
On  bed 
On  bed 

13,426 
14.887 

Porter's  roclL. 

Gray. 

Gray. 

Bluish  gray. 

Bluish  gray. 

18,125 
18.000 
15,087 
10,260 
12,075 
16.187 
11.800 
12JM)0 

Nlan  Vic  river!. 

Niantio  river.. 

On  edge 

14,176 
18,160 

16.760 

On  bed 
Oil  edflre 

14,087 

14,987 

Average  of  20  granites 

60,785 

14,946 

We  find  here  that  the 

Average  strength  of  20  New  England  granites^  unpolished^  crushed 
between  wooden  cushions  in  2-inch  cubes^  is,  in  pounds,  per  2-inch 
cube,  59,785;  per  square  inch,  14,946. 

This  shows  that  the  arerage  strength  of  the  Minnesota  granites 
is  fifby-six  per  cent  of  the  strength  of  the  New  England  granites 
greater  than  that  of  the  New  England  granites. 

This  anomalous  result  was  so  striking  that  I  called  general  Gill- 
morels  attention  to  it.  The  strength  of  the  Minnesota  2-inch 
cubes  was  so  great  that  it  exceeded  the  highest  registration  of  the 
gauge  in  use,  and  the  samples  were  not  reported  at  first,  but  were 
retained  for  crushinfi:  on  a  more  powerful  machine  at  Boston.  It 
occurred  to  me  that  possibly  there  had  been  a  gradual  deterioration 
in  the  machine,  or  in  the  gauge,  so  that  the  registration  was  oni- 
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formly  too  high,  and  this  impression  was  strengthened  by  compar- 
ing the  results  with  the  results  reported  in  1875,  for  some  other 
stones.  One  of  the  limestones  reported  in  1875  was  from  the  same 
place  (Lemont,  III.)  as  one  of  those  I  had  included  in  my  series, 
the  same  being  used  largely  in  this  city.  While  at  that  time  the 
strength  of  this  stone  did  not  reach  beyond  14.000  pounds  per 
square  inch,  the  samples  I  had  sent  was  not  crushed  because  it  ex- 
ceeded 100,000  pounds,  the  limit  ef  the  gauge.  Again,  one  of  the 
granites  sent  in  my  series,  had  been  reported  in  1875.  I  refer  to 
that  from  St.  Cloud.  The  gabbro  from  Duluth  had  also  been  re- 
ported. Neither  of  these  then  reached  beyond  19.000  pounds  per 
square  inch,  but  now  one  is  reported  at  about  26.000  pounds,  and 
the^ther  about  27.000. 

I  called  Gen.  Gillmore^s  attention  to  these  discrepances  in  order 
that  if  any  error  had  been  committed  it  might  be  detected  by  a  re- 
testing  of  his  gauge,  and  the  proper  correction  applied  before  the 
results  were  published.  Subsequently  Mr.  Cocrofb  wrote  me  that 
he  had  the  hydrostatic  press  taken  apart  and  refitted,  and  the  old 
gauge  tested  by  its  maker,  who  formed  a  variation  of  only  200 
pounds  in  100,000  pounds.  On  reporting  this  to  general  Gillmore, 
Mr.  Cocroft  was  authorized  to  have  a  new  gauge  made,  which 
should  register  175.000  pounds.  This  new  register  was  used  in 
testing  the  refractory  2-inch  cubes  from  Minnesota;  hence  their 
actual  strength  is  as  certainly  ascertained  as  is  possible  with  the 
apparatus  employed. 

Now,  in  discussing  this  curious  anomaly,  in  order  to  reach  an 
explanation  of  it,  we  are  driven  to  one  of  three  conclusions. 

1.  Either  the  cubes  used  were  too  large,  or, 

2.  The  methods  are  defective,  or, 

3.  Mmnesota  granites  are  actually  stronger  than  those  of  New 
England. 

(1)  Were  the  cubes  too  large?  I  show  here  several  surplus 
cubes  of  the  same  size  and  style,  made  at  the  same  time  and  by  the 
same  man,  with  the  same  instruments.  These  are  exactly  two 
inches  on  a  side,  measured  with  any  ordinary  standard.  It  is 
evident  the  great  excess  of  strength  shown  by  the  Minnesota  cubes 
cannot  be  due  to  their  greater  size,  since  the  cubes  would  require 
to  have  been  very  noticeably  and  remarkable  greater  than  two 
inches,  and  they  would  have  been  condemned. 

(2).  Are  the  methods  defective?  It  would  be  sufficient,  perhaps, 
to  answer  that  the  tests  were  made  with  the  exactness  and  well- 
known  integrity  of  the  United  States  Engineers,  under  the  direc- 
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tion  of  general  Q.  A,  Gillmore  whose  previoos  experiments  and 
publications  have  made  him  one  of  the  best  authorities  in  the  United 
States,  if  not  in  the  world;  and  that  in  consequence  of  this  phen- 
omenon he  had  special  trials  made,  and  new  instruments  prepared, 
yet  with  the  final  results  stated  above.  It  must  be  admitted  that 
previous  tests,  made  at  the  same  place  (Fort  Wadsworth,  Staten  I.), 
on  the  stones  at  Duluth,  Saint  Cloud  and  Lemont,  giving  less  com- 
pressive strength  to  those  stones  than  now  reported,  throws  a 
shadow  of  doubt  on  the  correctness  of  the  methods  employed.  It 
may  be  possible  to  explain  those  three  cases  in  some  way  satisfac- 
torily, by  referring  them  to  imperfections  in  the  cubes.  It  is  cer- 
tainly not  possible  to  allow  them  to  establish  a  rule,  in  the  face  of 
twenty  other  samples  which  contradict  them.  ^ 

(3).  Are  the  granites  of  Minnesota  stronger  than  those  of  New 
England?  We  must  either  allow  this,  or,  on  account  of  the  care- 
fulness of  the  late  tests  of  Minnesota  granites,  we  must  impugn  all 
the  results  and  reasoning  published  heretofore  by  general  Gillmore 
on  the  granites  of  New  England.  Allowing  this,  we  may  speculate 
as  to  its  possible  cause. 

It  had  occurred  to  me  prior  to  this  investigation,  from  other  con- 
siderations, that  perhaps  the  last  glacial  movements  in  Minnesota 
were  of  a  later  date  than  those  described  in  New  England.  The 
evident  freshness  of  the  drift  in  Minnesota,  in  its  posCj  and  espe- 
cially of  the  till,  compared  with  that  of  southern  New  England, 
and  southeastern  New  York,  seems  to  indicate  the  same  differences 
as  to  time,  of  deposit,  as  can  be  inferred  between  the  northern  and 
the  southern  portions  of  the  state  of  Ohio^ ,  or  the  same  portions  of 
the  state  of  Minnesota.  Of  course,  the  continuous  tracing  of  the 
same  lines  of  morainic  accumulations  from  east  to  west  will  finally 
determine  the  eastern  analogues  of  our  Leaf  Hills  and  Kettle  mor- 
aines, and  will  give  a  definitive  answer  to  this  hypothesis.  In  the 
mean  time,  and  before  that  is  accomplished,  we  may  perhaps  account 
for  the  greater  strength  of  Minnesota  crystalline  rocks  by  suppos- 
ing them  less  changed  superficially  by  the  process  of  decay,  the 
lateness  of  the  glaciation  to  which  they  have  been  subjected  having 
left  them  comparatively  fresh  through  the  recent  removal  of  a  con- 
siderable thickness. 

IQeologrloal  survey  of  Ohio.    Beport  on  Delaware  county. 
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-^  PRKFACKi^ 


^N  presenting  what  may  be  denominated  a  final  report  of  the  work 
<^  done  in  this  state  upon  the  group  of  Crustacea  best  repre* 
sented,  and,  all  things  considered,  most  important,  the  author  must 
admit  that  the  term  ^^  final ''  refers  only  to  his  own  opportunities 
and  the  limitation  of  time  imposed  by  circumstances. 

While  a  comparatively  large  proportion  of  all  the  species  exist- 
ing within  our  limits  hare  beeu  examined  during  the  progress  of 
these  investigations,  there  undoubtedly  remain  many  additional 
and  curious  forms  to  reward  the  search  of  the  student.  A  great 
variation  in  the  degree  of  completeness  with  which  the  different 
genera  and  species  have  been  treated  will  be  observed,  due  in  part 
to  the  circumstances  under  which  they  were  studied,  and  frequently 
to  the  poverty  of  material.  The  entomostracean  fauna  is  quite 
different  at  different  seasons,  and  a  complete  knowledge  of  even 
our  local  fauna  requires  a  long  period  of  observation.  Even  the 
dead  of  winter  is  a  favorable  time  to  study  some  groups.  The  late  ' 
autumn  is,  perhaps,  the  most  favorable  opportunity;  for  then,  in 
one  group,  the  sexual  activities  are  just  at  their  height,  and  both 
sexes  may  be  studied.  A  number  of  cladocera  are  restricted  to  this 
season.  There  are  a  number  (how  large  it  is  not  yet  possible  to 
tell)  of  species  in  both  groups  which  are  to  be  sought  by  night 
though  no  phosphorescent  species  are  yet  known.  Our  larger, 
and,  especially,  deeper  lakes  have  a  quite  different  fauna  from  the 
shallow  pools  and  rivers.  In  general,  the  flowing  waters  are  poor 
in  entomostraca.  The  cladocera  or  shelled  entomostraca,  have  here 
received  a  large  share  of  attention,  and  more  particularly  the  Lyn- 
ceidee,  which  are  the  most  minute  of  arthropods.  This  study  has 
been  rewarded  with  an  unexpectedly  large  number  of  forms,  and  a 
particularly  large  number  of  species  identical  with  those  of  Europe 
and  elsewhere.  Prof.  Birge  is  the  only  American  writer  who 
has  attempted  this  group,  and  his  valuable  work  has  made  us 
familiar  with  the  more  striking  new  species.  A  few  new  species 
are  included  in  our  list  and  several  varieties  hardly  yet  known  in 
Europe.  The  remarkable  Monospilius  is  among  these!.  This  ani- 
mal has  but  a  single  larval  eye  in  the  middle  of  its  forehead,  and 
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wears  its  old  covering  over  the  newly-formed  shell  till  the  latter 
is  a  curious  patchwork  mass.  The  attempt  has  been  made  to  in- 
corporate a  brief  description  of  all  American  species  with  those 
found  in  Minnesota*  and  also  to  frame  keys  for  the  larger  genera, 
so  that  the  place  of  a  species  among  its  congeners  may,  at  least 
approximately  be  found.  The  difficulty  of  framing  sach  keys  is 
very  great ;  for  few  anthors  have  employed  the  same  distinctions 
in  their  descriptions,  and  it  is  necessary  to  select  points  sharply 
distinctive  and  conspicuous  from  the  often  meagre  remainder  after 
striking  off  scattering  particulars.  In  some  cases  this  difficulty 
has  been  greatly  enhanced  by  the  possibility  that  some  of  the 
species  should  be  considered  synonyms  or  varietal  forms.  The 
tendency  to  combine  questionable  forms  thus  produced  it  was 
necessary  to  offset  by  what  may  seem  a  too  great  conservatism* 
Faulty,  however,  as  tbese  keys  may  be,  it  is  hoped  that  they  will 
serve  a  good  purpose  in  the  extent  which  they  cover.  While  the 
limits  of  this  work  preclude  much  more  than  a  systematic  outline, 
opportunity  is  taken  here  and  there  to  admit  a  word  on  the 
anatomy  or  development.  Such  allusions  must  be  considered 
simply  accidental,  for  a  complete  treatment  of  these  subjects  would 
require  large  volumes,  and  the  material  will  be  long  in  gathering. 
A  larger  proportion  of  the  rare  males  of  the  cladocera  are  here 
referred  to  than  in  any  previous  work  of  equal  extent.  The  genus 
Cyclops,  one  of  the  bugbears  to  fresh-water  carcinologists,  is  per- 
haps somewhat  summarily  treated.  The  excuse  must  be  the  con-* 
dition  of  the  synonomy.  However,  most  of  the  combinations  made 
were  the  result  of  careful  study  of  large  series  from  different  locali- 
ties. The  sketches  illustrating  this  paper  are  photo-printed  from 
the  writer^s  own  drawings,  and,  without  the  elegance  of  litho- 
graphs, serve  the  purpose  of  explaining  points  of  structure  which 
cannot  be  communicated  verbally.  I  am  indebted  to  Prof.  A.  S. 
Forbes  for  very  timely  aid  in  bibliography,  without  which  the 
paper  could  not  have  been  completed.  To  Dr.  Lindthal,  through 
my  friend  Mr.  Oestiund«  I  am  indebted  for  a  like  service.  But  my 
obligation  is  deepest  to  Prof.  Rudolph  Leuckart  of  Leipzig,  who 
kindly  afforded  access  to  almost  a  complete  set  of  works  on  Euro- 
pean entomostraea.  Prof.  G.  W.  Hall  has  collected  at  much 
expenditure  of  time  and  labor  a  set  of  specimens  from  different 
parts  of  the  state  which  he  kindly  placed  in  my  hands,  thus  en- 
abling me  to  observe  the  great  similarity  of  widely-separated 
faunae.  Mr.  Lieberg  also  sent  specimens  of  Diaptoinus  stagnalis 
from  saline  pools  in  Dakota. 
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INTRODUCTORY. 


"  ETadlng  e'en  tbe  microscopic  eye, 
Full  nature  swarms  with  life ;  one  wondrous  mass 
Waltinic  the  vital  breath,  when  Parent  HeaTcn 
Shall  bid  the  spirit  blow.    The  hoary  fen, 
*  In  putrid  streams,  emits  tbe  Hying  cloud 

Of  pestilence.   Through  subterranean  cells, 
Where  searching  sunbeams  scarce  can  find  a  way, 
Earth  animated  heaves.   The  flowery  leaf 
Waats  not  its  soft  Inhabitants.   Secure 
Within  its  winding  eitodel,  the  stone 
Holds  multitudes.    *   *   where  the  pool 
Stands  mantled  o'er  with  green,  invisible 
•    Amid  the  floating  verdure,  millions  stray. 
*  *   Nor  is  the  stream 
Of  purest  crystal,  nor  the  lucid  air. 
Though  one  transparent  vacancy  it  seems. 
Void  of  their  unseen  people."— Cot0!p6r. 

To  the  poet  only,  and  the  man  of  science,  is  it  given  to  meet 
these  ^'unseen  people'^  on  those  familiar  terms  which  warrants  the 
nse  of  the  word  intimacy;  yet  may  not  we  who,  like  Sam  Weller, 
find  our  ^^vision  limited/'  because  we  hare  only  eyes,  avail  our- 
selves of  the  kind  introdudtion  these  people  give  us,  and  shake 
hands,  as  it  were,  though  perhaps  a  little  stiffly,  with  our  neigh- 
bors, the  unseen  people. 

Whether  we  like  it  or  not — Cowper  intimates  we  shall  not — 
these  people,  in  one  way  or  another,  touch  us  constantly,  and  like 
diminutive  sprites  are  ever  active  in  hatching  mischief  or  doing 
their  little  favors  to  humanity.  Happily  most  of  these  are  amiable 
goblins,  and  are  tireless  ia  endeavors  to  secure  us  against  our 
insidious  enemies  of  their  own  ilk.  With  your  permission  we  will 
draw  the  curtain  which  separates  us  from  the  naiades  of  our  pools 
and  streams. 

Tbe  numbers  of  living  forms  to  be  found  in  any  pool  is  a  con- 
stant surprise  even  to  the  student  of  this  subject,  and  the  variety 
and  unique  character  of  the  animals,  particularly,  cause  a  constant 
flow  of  wonder  and  admiration.    Confining  ourselves  to  the  crus- 
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tacean  forms  which  are,  perhaps,  most  typical,  abundant  and 
interesting  of  the  smaller  animals  of  fresh  waters,  it  is  to  be  re- 
marked that  they  are  of  a  practical  value  to  an  extent  which  can 
hardly  be  correlated  with  their  seeming  insignificance. 

To  understand  this  fact  it  is  first  necessary  to  recollect  that 
water  in  some  form  is  an  indispens'kble  yehicle  for  the  nidus  of 
disease  germs  as  well  as  of  all  life;  desiccation  means  death.  The 
abundantly-watered  portion  of  our  country  must  become  per- 
meated with  the  pestilential  hordes  ingendered  in  its  fens  did  not 
this  army  of  devouring  animalculae  destroy  the  decaying  matters 
accumulating  in  the  waters.  - 

Their  importance  depends  largely  on  their  minute  size  and  un- 
paralleled numbers.  The  majority  of  non-carnivorous  crustaceans 
are  so  constituted  that  their  diet  is  nearly  confined  to  such  floating, 
particles  of  matter  as  are  present  in  the  water,  in  a  state  of  more 
or  less  fine  comminution;  for,  nearly  without  prehensile  organs, 
these  animals,  by  means  of  a  valvular  or,  at  most,  ladle-like  labrum, 
dip  from  the  current  of  water  kept  flowing  by  the  constant 
motion  of  the  branchial  feet,  such  fragments  as  the  snail  and 
scavenger-fish  have  disdained.  All  is  fish  which  enters  the  net. 
Think  of  it,  poor  dyspeptic,  a  constant  supply  of  food  of  every 
variety  and  no  question  asked  for  storoach^s  sake!  Bits  of  decay- 
ing algsB  or  the  broken  fragments  of  a  disintegrated  mosquito,  all 
alike  acceptable  and  unhesitatingly  assimilated. 

Nor  is  the  sanitary  aspect  the  only  one  in  which  the  entotnost' 
raca^  as  our  minute  Crustacea  are  collectively  called,  command 
attention;  they  are  valuable  also  as  a  food  supply. 

Now,  does  some  one  jump  at  the  conclusion  that  the  water  we 
drink  is  filled  with  aliment  in  such  pleasant  form  as  that  repre- 
sented above — that  Dr.  Tanner  after  all  lived  on  a  watery  solution 
of  entomostraca?  Too  fast,  my  friend — food  for  fishes,  but  not 
therefore  an  insignificant  element  in  our  cuisine  economy;  for  it 
has  recently  been  shown  by  Prof.  Forbes  of  Illinois,  that  some  of 
our  best  fresh-water  food  fishes  are  almost  dependent  on  some  one 
or  more  species  of  entomostraca.  Darwin  shows  that  cats  regulate 
the  clover  crop  of  England  via  field-mice  and  humble-bees,  but  it 
is  not  half  as  far  from  our  ''bugs^^  to  the  price  of  trout  and  white- 
fish. 

Still  we  are  not  prepared  to  be  surprised  at  this,  for  have  we  not 
long  understood  that  whales  go  fishing,  with  their  whalebone  nets, 
for  little  mollusks  not  big  enough  to  excite  the  cupidity  of  the 

catorial  small  boy? 
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The  fact  is,  that  the  principle  laid  down  by  the  Deacon  (of 
venerable  memory)  that  ^'the  weakest  pint  must  stand  the  strain/^ 
maintains  in  nature  aside  from  the  nature  of  ^^shays/^  The  minutest 
forms  are  in  some  sense  the  most  important,  for  they  are  the  links 
which  stand  nearest  the  rock,  and  it  they  be  loosened  the  depen- 
dent series  falls. 

The  animals  of  the  above  group  are,  it  U  likely,  the  best  criteria 
by  which  to  judge  of  the  purity  of  natural  waters  if  their  distribu- 
tion were  correctly  understood.  The  presence  of  some  species  in 
great  numbers  is  si^fficient  evidence  of  organic  impurity.  A  criti- 
cal study  of  the  contents  of  samples  of  such  waters  will  enable  us 
to  determine  their  character  almost  as  well  as  by  analysis.  The 
following  list  of  the  animal  life  visible  in  a  quart  of  filthy  pond* 
water,  taken  by  simple  dipping,  will  perhaps  be  suggestive  on  this 
point: 

Daphniapulex 6 

Ceriodaphnia 1400 

SimocephaluB 66 

Cypris fiQ 

Cyclops 30 

Sand-fUas 120 

Total  Orastaeea... 1662 

Infusoria 86 

Arachnida  {Hydraelma) 1 

Vermes • 5 

iDsecta— 

toUoptera  (lanrso). 8 

Dfptora  GarvsB) 11 

Hemlptera 10 

MoUusca 86 

Total 1767 

The  above  are  simply  the  animal  forms  visible  to  the  (trained) 
unassisted  eye;  the  truly  microscopic  forms  number  vastly  more. 

But  each  gathering  includes  specimens  of  carnivorous  entomost- 
raca  as  well,  and  these  are  not  less  interesting  and  bizarre  than  the 
cladocera. 

The  common  cyclops,  busy  picking  the  bones  of  a  luckless  pol- 
liwog  (must  we  say  purwiggyp),  is  not  less  benevolent  than  the 
animate  filters  mentioned  above.  The  amount  of  such  material 
that  they  will  dispose  of  in  a  short  period  of  time  is  truly  astonish- 
ing. It  is  the  province  of  the  following  chapters  to  describe 
briefly  such  of  these  animals  as  fall  in  the  two  groups  Cladocera 
and  Copepoda  and  have  been  noticed  in  America. 
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CHAPTER  I. 


THE  ENEMIES  OF  ENTOMOSTRACA. 

First  among  these  rank  the  yoang  of  varioas  fishes  which  prey 
upon,  and  find  their  entire  support  in,  these  minnte  animals.  This 
subject  has  been  fully  treated  by  Forbes,  Ryder  and  others. 

The  enemy  next  most  dreaded  by  entomostraca  is,  perhaps,  the 
"spectre  animalcule**  or  the  larva  of  the  little  frost-gnat,  corethra. 
It  is  no  unusual  thing  to  see  a  corethra  carefully  gorging  itself 
with  a  fat  cyclops,  suddenly  seized  by  the  protractile  jaws  of  the 
dragon-fly  larva,  shaken  for  a  minute  and  then  engulfed  in  the 
tomb-like  cavernous  mouth  below.  Nor  is  the  road  to  the 
stomach  of  the  dragon-fly  always  so  circuitous.  Water-tigers  also, 
with  other  larv»,  prey  upon  these  unfortunates.  The  hydra  con- 
siders them  a  dainty  morsel,  and  at  once  paralyzes  them  by  the 
touch  of  his  nematocystiferous  arms;  in  other  word9,  by  the  pois- 
onous barbs  coiled  in  concealment  in  the  cells  of  the  tentacles. 

If  the  animal  flys  from  these  ubiquitous  enemies  he  almost  cer- 
tainly is  betrayed  by  carnivorous  plants  which  abound  in  all  our 
waters.  Forbes  says:  "In  ten  bladders  of  Utricularis  vulgaris^  taken 
at  random,  I  found  93  animals,  either  entire  or  in  recognizable 
fragments,  and  representing  at  least  28  species.  Seventy-six  of 
the  animals  found  were  entomostraca,  and  belonged  to  20  species." 
"Just  oncrthird  of  all  the  animals  found  in  these  bladders  belonged 
to  the  single  species  Acroperus  leucocephalus^  Eoch.** 

But  among  the  ranks  of  enemies  must  be  included  certain  para- 
sites, both  external  and  internal,  of  which  a  variety  are  known. 
A  few  of  the  most  remarkable  of  these  will  be  mentioned.  I  may 
be  permitted  to  quote  from  an  article  in  the  American  Naturalist, 
April,  1883: 

"We  have  discussed  the  relation  of  the  minute  fresh-water  Crus- 
tacea to  sanitary  science  in  a  paragraph  in  a  recent  article  in  the 
Naturalist,  but  it  remains  to  touch  upon  another  phase  of  the 
subject.      It  may  be  thought  unnecessary  to  trouble  ourselves 
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about  the  pathological  eonditions  prevailing  among  such  lowly 
animals,  but  it  can  be  shown  that  these  same  causes  of  disease  may 
not  be  unimportant  in  connection  with  human  diseases. 

Tt  is  a  fact  constantly  receiyiog  new  exemplification,  that  the 
parasites  infesting  small  animals,  particularly  water  animals,  are 
frequently  but  the  immature  forms  of  parasites  of  animals  higher 
in  the  scale.  These  alternating  generations  are  exceedingly  diffi- 
cult to  study,  so  that  while  all  stages  may  be  separately  known, 
only  a  fortunate  combination  of  circumstances  or  patient  accumu- 
lation  of  facts  can  connect  the  individual  factors  into  the  complete 
eydus* 

Thus,  for  example,  Prof.  Leuckart  has  but  recently  worked  out 
the  full  life-history  of  Distotnum  hepaticum^  although  the  adult 
has  been  a  stock  example  in  helminthological  study  in  the  labor- 
atory for  years. 

The  importance  of  such  parasites,  even  in  a  commercial  view, 
needs  but  a  reference  to  trichinosis  to  illustrate.  I  am  not  aware 
that  endo-parasites  are  known  in  entomostraca  except  in  the  case 
of  Cyclops.  Embryos  of  CucullantM  elegans,  a  nematoid  worm, 
enter  the  body  cavity  of  cyclops  and  undergo  two  moults  and  then 
are  transferred  to  the  intestinal  canal  of  food  fishes.^ 

A  similar  parasite  of  cyclops  is  Filaria  medinensia.^ 

The  cladocera  are  generally  quite  free  from  parasites,  but  I  have 
found  in  several  instances  young  nematoids  m  the  blood  sinus  in 
front  of  the  heart  in  Daphnia  schceff^u  These  worms  subsist 
upon  the  nutriment  in  the  blood  which  constantly  bathes  the 
animal.  True  cysts  could  not  be  formed  in  the  cobweb-like  tis- 
sues of  the  hosts.  This  is,  so  far  as  I  can  learn,  the  first  publica- 
tion of  entozoa  from  cladocera,  and  the  parasites  are  figured  in 
Plate  T,  Fig.  15.    The  animals  were  from  'Schimels  Teich,'  Leipzig. 

While  collecting  copepods  near  Tuscaloosa,  Ala.,  I  gathered  a 
number  of  specimens  of  Cyclops  tenuicornis^  and  nearly  all  were 
unusually  pale  and  feeble.  On  examination  they  proved  to  be  in- 
fested with  a  worm  of  the  sub-order  Distome».  This  sub-order 
includes  many  distressing  parasites  and  forms  which  are  adapted 
to  be  widely  distributed  by  a  long  period  of  adolescence,  and  the 
number  of  stages  passed  through  beioro  maturity  is  attained.*^ 

^The  larvae  live  frequently  in  mollusca,  and  in  maturity 
inhabit  the  intestine  of  vertebrates. 

Upon  examination,  the  cyclops  individuals  collected  were  nearly 

iGlaiu.   Klelnes  Lehrboch  d.  ZooloKle,  p.  868. 

sFedsebettko.   Ueber  d.  Bau.  u.  d.  Batwlckiung  d.  FUaria  nudtnentiB,  Moseow. 
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all  found  affected,  some  haying  as  many  as  five  parasites  of  various 
sizes  about  the  alimentary  canal,  in  the  common  vascular  cavity 
which  corresponds  to  the  entire  arterial  and  venous  system  of  the 
more  highly  organized  Calanidaa.  The  Cercerian  or  tailed  stage 
was  not  found.  Were  the  life-history  known  it  would  probably 
appear  that  the  larval  stage  is  passed  within  some  young  moUusks, 
and  that  the  adult  infests  some  vertebrate,  probably  fish,  and 
would  thus  be  perhaps  transferred  either  in  food  or  drink  to 
the  human  system. 

It  is  worthy  of  notice  that  the  host  was  soon  destroyed  by  the 
parasite,  the  post-imago  or  coronatus  form  being  absent ;  most 
of  the  individuals  thus  infested  possessed  abnormally  persistent 
larval  characters  in  antennae,  etc.'^  (See  also  below  on  Lagenella 
mobilis). 

The  external  parasites  are  more  numerous  but,  in  the  main,  less 
dangerous.  Among  these  are  a  variety  of  algae,  and  colonies  of  Yor- 
ticellae  and  related  animals.  There  is  almost  always  a  colony  of 
Acineta  near  the  anus  of  Cyclops  phaleratus.  Rarely  Stentor  is 
found  upon  the  body  of  Cyclops. 

The  most  remarkable  ectoparasite  among  the  protozoa  is  the 
remarkable  louse-like  ciliate  protozoan,  to  be  described  beyond, 
found  as  a  parasite  of  Diaptomus  pallidus. 

Finally,  certain  of  the  rotifera  are  very  constant  enemies  of  the 
entqmostraca,  one  species  making  its  diet  almost  exclusively  of 
Ghydorus  sphaericus  and  stowing  them  away  with  remarkable 
facility  with  its  forceps-like  jaws. 

A  New  Spsoijebs  of  Coeethra. 
(Plate  V.  Figs.  1-4  ) 


The  Corethra  plumicornis  as  known  in  the  larval  form  is  one 
of  the  most  abundant  of  the  inhabitants  of  our  inland  waters,  and 
its  form  and  habits  are  sufficiently  well  known.  (See  Types  of 
Animal  Life  by  the  author  for  description  and  figures.) 

A  second,  and  presumably  new,  species  was  found  in  a  night 
gathering  from  Lake  of  the  Isles  near  Minneapolis.  In  motion  it 
differed  so  entirely,  though  indescribably,  that  the  eye  recognized 
it  at  once  as  new.  The  few  specimens  then  obtained  were  all  that 
have  been  seen,  but  I  will  here  give  a  brief  description  of  the  larva 
and  pupa  in  hope  that  the  imago  may  finally  be  encountered. 
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The  form  is  more  slender  than  in  C.  plumicomis.  The  tracheal 
yessels  are  of  a  different  form  and  color,  and  the  viscera  have  ob- 
vioas  differences.  Most  conspicuoas  variations,  however,  are  seen 
in  the  shape  of  the  head,  which  is  slender  and  attenuated  toward 
the  insertion  of  the  antennae.  The  antennae  are  shortish  and  have 
a  spine  outwardly.  The  cuticnlar  appendages  have  an  unusual 
form  as  has  the  labrum.  The  anterior  part  of  the  head  is 
spiny.    The  armature  of  the  end  of  the  abdomen  is  peculiar. 

The  posterior  rudimentary  appendages  are  of  a  different  form, 
and  the  claws  are  replaced  by  club-shaped  bodies.  A  curious  ap- 
pendage below  is  indicated  in  the  name.  The  pupa  has  an  extra- 
ordinarily elongate  abdomen  which  terminates  in  two  paddle-like 
appendages  loosely  ciliated  outwardly. '  This  species  may  be  called 

Corethra  appendiculata,  sp.  n. 


A  New  Eotoparasitio  Pbotozoan. 
(Plate  V.  Figs.  12-13.) 


The  very  strange  monocellular  animal  referred  to  was  found  scur- 
rying over  the  body  of  Diaptomus  pallidus  in  a  manner  like  that 
of  a  louse  scrambling  over  a  bare  spot  upon  its  host.  The  body  is 
disc-shaped  and  about  .04  mm.  in  diameter.  The  lower  or  ciliated 
side  is  flat  and  circular.  The  upper  or  aboral  portion  is  convex 
with  an  annular  depression  of  greater  or  less  regularity  about  half 
way  from  the  center  to  the  margin.  The  lower  side  has  a  chitinous 
barred  ring,  corresponding  to  the  depression  above,  containing 
about  25  radially  arranged  bars,  each  of  which,  apparently,  forms 
the  support  for  a  long  cilium  which  with  the  others  forms  a  circlet 
extending  beyond  the  margin.  These  cilia  are  used  as  feet  and  by 
them  the  animal  is  able  to  move  in  any  direction,  apparently  with 
none  of  the  uncertainty  of  motion  usual  to  ciliate  infusoria.  The 
protoplasm  is  granular  and  contains  one  or  more  contractile  vesicles, 
one  of  which  appeared  very  regularly  in  the  center  of  the  chitinous 
ring  before  mentioned.  These  animals  can  also  swim  freely,  but 
after  a  short  excursion  usually  came  quickly  back,  and  after 
shuffling  or  sliding  over  the  smooth  surface  of  the  crustacean  as- 
sumed a  position  of  repose.    The  generic  affinites  of  this  protozoan 
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are  uncertain  (GhilodontidseP);  the  specific  name  may,  perhaps,  be 
safely  applied  as  follows: 

pedicularisy  sp.  m. 

Gragin  notices  the  occarrence  in  American  species  ot  Cyclops  of 
Lagenella  tnabilis^  Rehberg.  This  gregarine  (?)  was  found  by  him 
at  Cambridge,  inhabiting  in  large  numbers  the  digestive  tract  of 
species  of  Cyclops,  and  has  since  then  been  observed  in  Minnesota, 
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CHAPTER  11. 


ORDER  CLADOCEUA. 

This  very  extensive  group  contains  a  variety  of  types,  but  there 
are  sufficiently  evident  connecting  links  uniting,  the  extremes  of 
structure.  The  Gymnomera  which,  following  the  usual  custom, 
we  include  here,  stand  distinct  from  the  other  groups,  yet  have  suf- 
ficiently evident  cladoceran  affinities.  It  is  very  unfortunate  for 
aetiological  speculation  that  this  the  only  trulv  marine  group 
should  stand  thus  isolated  from  its  fellows.  According  to  the  no- 
tions at  present  prevailing,  the  Phyllopods  stand  nearest  the  primi- 
tive type  of  Crustacea.  There  are  unmistakable  hints  at  an  early 
origin  for  that  group,  and  not  less  evident  are  certain  analogies 
with  both  Cladocera  and  Copepoda. 

There  has,  however,  recently  been  made  an  attempt  to  derive  the 
Phyllopods  from  an  original  cladoceran  stem  with,  as  we  think, 
somewhat  unsatisfactory  results.  Do  we  not  the  rather  see  in  both 
groups  two  like  phases  which  may  be  looked  upon  as  incidental  and 
comparatively  trivial.  The  shelled  and  the  shell-less  phasis  appears 
in  both.  The  most  closely  shelledPhyllopod  is  unmistakably  nearer 
Branchipus  even  than  any  of  the  Cladocera.  It  would  seem  that 
.  the  brief  and  imperfect  embryonic  nauplins  condition  of  the  latter 
sufficiently  indicated  their  later  origin.  Again  no  fiincifnl  analogy 
can  unite  the  Ostracoda  with  the  Lynceidae.  We  know  of  no 
recent  discoveries  casting  discredit  on  the  remark  of  Balfour:  ^Hhe 
independent  origin  of  the  Ostracoda  from  the  main  crustacean 
stem  seems  probable.^^ 

Pro£.  Packard  says:^ 

^^  We  imagine  that  when  a  permanent  body  of  fresh  water  became 
established,  as,  for  example,  in  perhaps  early  Silurian  times,  the 
marine  forms  carried  into  it  in  the  egg-condition,  possibly  by  birds 

1" A  Monograpla  of  the  Pbyllopod  Gnutaoea,"  etc.,  XlJth  JmouoI  Bep,  U.  ^.  QeoL 
and  Qeog,  Bvrv,  Terr, 
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fsic?]  or  by  high  winds,  hatched  yoang,  which  under  favorable  con- 
ditions, changed  into  Sida,  Moina,  and  Daphnia-like  forms.  The 
Cladocera  are,  then,  probably  the  more  generalized  forms,  from 
which  the  Phyllopods,  at  this  time  and  probably  eyer  since  Devo- 
nian times,  par  excellence  a  fresh-water  assemblage  of  forms,  took 
their  origin.'^  Whatever  affinity  there  may  be  between  the  shelled 
Phyllopods  and  the  Cladocera,  it  would  seem  that  the  eyidence  is 
conclasive  that  the  latter  group  is  not  the  direct  continuation 
of  the  line  of  development  inaugurated  by  an  ostracode  ancestor. 
As  shown  beyond,  the  present  centre  of  the  group  seems  near  Moina 
with  indications  of  a  divergence  from  this  rather  generalized  type, 
especially  of  degradation  and  heteronomy  on  the  side  of  the 
Lynceids. 

It  seems  at  the  present  time  that  more  might  be  accomplished 
for  aetiology  by  a  careful  study  of  such  groups  as  the  present,  in 
which  are  a  variety  of  closely  allied  forms  than  by  the  attempt  t^ 
join  widely  separated  groups.  When  we  shall  have  siezed  upon 
the  latest  eddies  and  mapped  their  direction,  it  may  become  possible 
to  combine  the  indications  in  such  a  way  that  lines  of  divergence 
thus  traced  accurately  through  some  small  part  of  their  course 
may  be  produced  backward  to  their  intersection.  This  then  is 
our  present  duty — ^the  accurate  mapping  of  minute  districts  and  the 
careful  noting  of  any  moving  straws,  competent  to  indicate  move- 
ments in  the  vast  complex  of  vitalized  nature.  We  conceive  the 
cladocera  to  have  had  a  comparatively  recent  origin,  and  to  express 
the  culmination  and  retrograde  development  of  a  plan  of  structure 
first  differentiated  after  the  appearance  of  clear  bodies  of  fresh 
water«  All  the  species  save  a  very  few  are  confined  to  inland 
waters.  Accepting  the  above  mentioned  theory,  the  Sididse  will 
occupy  the  first  place  as  departing  least  from  the  type  from  which 
the  whole  group  sprang,  while  it  is  connected  by  the  genus 
Daphnella  with  the  DaphnidsB.  The  Daphnidse,  beginning  with 
Moina,  find  their  ultimate  development  in  some  monstrous  forms 
of  the  genus  Daphnia,  but  pass  into  the  Lyncodaphnidae  by  way 
of  Macrothrix.  The  links  uniting  all  these  minor  groups  are  rery 
obvious. 

Our  own  ideas  of  the  relationships  among  the  Galytomerous 
Cladocera  are  expressed  in  the  accompanying  table.  This  table  is 
to  be  considered  a  projection  of  a  portion  of  a  genealogical  tree, 
seen  from  below,  in  which  the  genus  Moina  forms  the  arbitrarily 
chosen  fixed  point.  The  heavy  dotted  line  is  imagined  as  directed 
downward  vertically.    That  branch  rising  toward  the  top  of  the 
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page  is  growing  obliquely  upward.  The  DaphnidsB  are  represented 
as  expanding  upon  the  same  plane  as  Moina,  and  the  Lyncodaph- 
nidse  extend  diagonally  downward,  producing  the  Lynceid  branch 
The  BosminidsB  spring  from  the  stem  at  a  lower  point.  These 
relations  are  made  obvious  by  the  figure  giving  a  view  of  the  ideal 
tree  as  seen  from  the  side.'*' 


Umnoshda 


Botapedtdm    ^>: 


''^flfit        Pseoifasida     ^^^J^ton9 


<srmD>E> 
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J  Simo^ephatas 

I?)  „ — « ^ ^Q^  H^—Cerfodl^phnia       /      ^"^Daphnia 

/  <LYNCOd|pUNIM>       \scahLfe^eris 

/  !         ^.  ^ 

Lakhmmra      Dre/mnothrijf^     ^^Z i'liocryptw 


Acantho/ebens      <LYNC!Em>E>     f 

euryhera/s  ^^J^ 
Camptocercus.^^[y^^    ^^^ 

/Atona)  /  "^v^ 

Qiydords  \ 

Fia.  1. — ^TABLE  ILLUSTBATIlirG  THE  BELATIOKS  OF  THE 

Gladoceba  Galyptomera. 

*NOTB.— To  adapt  the  diagram  to  the  theonr  that  the  LyBcetdae  are  the  progenitors 
of  Oladoeera,  it  is  only  necessary  to  reyolye  the  ImaglDary  lino  to  the  right,  till  it 
eoincides  with  the  axis  of  that  famity.  The  question  mark  may  he  understood  to 
indicate  that  the  source  of  the  ptyutai  group.  Moina,  is  uncertain.  The  author  must 
confess  that  his  inclination  is  toward  a  oelief  that  the  line  oulminating  in  the  Daph- 
nidad  diverged  from  a  group  of  organisms  resembling  Fhyllopoda,  more  definitely, 
resembling  liimnetet.  There  is  a  very  remarkable  resemblance  between  the  larva 
of  Llmnetes  and  Bosmina.  The  lateral  spines  of  the  former  are,  as  will  be  shown 
tme  homolognes  of  the  antennules  of  Bosmina.  The  later  origin  of  the  Fhyllopoda 
in  their  present  form  may  be  well  admitted . 

1  Bntomostraoa.  sen  Tnsecta  testaeea,  quas  In  aquis  DanisB  et  Nerwegise  reperit 
de8crlpait,etc.    Otho  FHedric  If ii«Uer,  1786. 

9  Monoc.  qui  se  tronvent  anz  Envlr.  de  Geneve. 
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The  Gladocera  or  Dapbnoidea  are  characterized  by  the  more  or 
less  leaf-like  feet,  and  the  lamina  of  thin  chitine  which  encloses  the 
greater  part  of  the  body,  or  at  least  forms  a  sac  for  the  protection 
of  the  eggs.  This  so-called  shell  springs  as  a  fold  from  the  maxil- 
lary segment  and  is  tbo  most  conspicaous  and  variously  formed, 
while  really  least  important,  of  the  structural  peculiarities. 

All  Gladocera  begin  life  with  a  single  median  eye,  but  some  lose 
it  during  later  life.    In  one  case  it  remains  the  only  visual  organ. 

The  outer  covering  is  in  most  cases  changed  by  frequent  moults. 
The  period  of  the  moult  is  one  of  the  most  precarious  in  the  life 
history  of  the  animal. 

Although  figures  and  brief  descriptions  of  animals  belonging  to 
this  group  are  to  be  found  in  the  works  of  Swammerdam,  Leewen- 
hoek,  Trembley  and  other  of  the  older  authors,  Mueller^  was  the 
first  to  produce  a  systematic  work  upon  these  in  common  with 
other  minute  fresh-water  Crustacea.  He  may  be  called  the  father 
of  the  study  of  micro-crustacea.  Jurine,^  an  eminent  Swiss  natur- 
alist, was  the  next  to  contribute  important  discoveries  relating  to 
these  interesting  animals,  though  Ramdohr  had  given  anatomical 
details  of  several  species.  Gruisthuisen,  a  little  later  gives  farther 
details  of  Daphnia  sima  (Simocephalus).  The  work  of'  Milne 
Edwards  gives  a  resume  of  what  was  known  regarding  these  ani- 
mals in  that  period.  Soon  afterwards  the  work  of  Baird  became 
the  beginning  of  a  new  era,  and  the  study  of  the  minute  Crustacea 
sprang  into  importance  at  once.'  The  Scandinavian  peninsula 
being  the  birth-place  of  the  science,  it  is  proper  that  the  most 
exhaustive  work  on  the  group  should  be  performed  there. 

The  most  important  of  the  later  writers  are  Leydig,  Schpedler, 
Fischer,  Lilljeborg,  P.  E.  Mueller,  Sars,  "Weismann,  Glaus  and 
Eurz. 

The  Qomplete  bibliography  of  the  subject  up  to  Mueller's  time  is 

found  in  Baird's  British  Entoniostraca;  the  greater  part  of  the 

later  bibliography  is  to  be  found  in  P.  E.  Mueller's  Danmark's 

Gladocera.    A  few  only  of  the  more  important  works  are  here 

mentioned. 

Koch,  C,  L^  DeutcHlandt  Crastaoeen,  etc. 

SchMOieT^  J,  JD.,  Qeber  Aoutlioooroai  rtgldos.  ete. 

Datho,  J,  D.,  Crustacea  of  the  Wtlkee'  fiKplorlng  Expedition. 

lAevin,  Die  Branclilopoden  der  Danziger-Gegend. 

Fischer,  Leb^  Ueber  die  In  der  Umgeiend  too  St  Feterabnrg  ▼orkoauaendeii  Oriu- 

taceen,ete.,  1851. 
LOf^horg,  TT.,  De  CrustacelBez  ordlnlbos  tilbtts,  (or)  Om  de  Inom  Bkane  f orekom- 

mande  Cruataeeer  af  ordnUigarne  Gladocera,  Ostracoda  ocb  Gope- 

poda. 
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This  valoale  work  is  particalarly  good  on  the  Cladocera,  bat  is 

nnfortunately  Tvithout  Latin  descriptions;  so  that  the  Swedish 

text  is  a  hindrance  to  its  asefalness.    It  is  chiefly  of  historic  valae 

now.    Large  8to;  Lund,  1855. 

Schoedkr,  J.  S^  Die  Branohtpoden  der  Umgegend.Ton  Berlin,  1868. 
SmUt,  F.  jI.,  Bar  les  Ephlppes  dee  Daphnee. 

LablxKh,  J,t  An  aecoont  of  the  two  metbods  of  reproduction  In  Daphnla,  etc. 
Leydig,  Fr.,  Naturgeechlchte  der  Daphnlden. 

The  most  magnificent  work  pnblished. 

lAUjetHtrg,  W.,  Leptodora  hyalina,  1861. 

Sara,  O,  O.,  Cm  Grnitaeea  Gladooera,  lagttagne  1  Omegnen  af  Ghristlanla,  1862. 

This  Taluable  work  is  difficult  of  access,  printed  on  thin  paper  and 
without  ilinstrations.    A  second  paper  by  the  same  author  in  1868 
is  mentioned,  but  I  have  never  seen  it. 
SchoedUVt  J.  E.,  Neae  Beltraffe  zur  Nataisesehlcte  der  Gladoeeren,  1868. 

One  of  the  most  important  works  on  the  Lynceidse.    The  autbor 

is  rather  too  credulous  and  inclined  to  form  new  species. 

Klunstinger,  Elnlges  znr  Anatomle  der  Daphnlden  nebst  knrzen  Bemerknngen  ueber 

die  Simwanerfaana  der  Umgegend  Cairo's. 
8ar8, 0.  Oh  Norgee  FerskTandskrebsdyr  Gladooera  ctenopoda,  180B. 

The  best  work  on  the  Sididse,  etc. 

Mueller,  P.  27.,  Danmark's  Gladoeera. 

One  of  the  most  useful  books  on  the  subject.    Especially  good 
on  LynceidsB  and  Bosminidae. 

Plateau,  FeU»t  Becberches  sur  lee  GroBtaoes  d'ean  donee,  etc.,  1867-69. 
MueUer,  P.  JD.,  Note  sur  les  Gladoceres  des  Grands  Lacs  de  la  Salsse. 
TFeitmatm,  ^.,  Baa  und  Lebenserschelnungen  Leptoiiora  hyallna. 
San,  O,  O.,  Om  en  dlmorph  Udylkllng  Samt  Generatlonsrexel  hoe  Leptodora,  1S78. 
Claus,  C,  Zur  kennt.  d  Organ,  u.  d.  felneren  Baoes  der  Daphnlden. 
Claus,  C,  Zur  kennt.  des  Baues,  ete.,  der  Polyphemlden . 

Qruber  and  Wtitmann,  Ueber  elnlge  none  Oder  unTollkomen  gekannte  Daphnlden. 
ITeismann,  Thierleben  Im  Bodensee,  1877. 

IaOz,  A.^  Untersocbongen  neber  Gladoeeren  der  nmgebnng  yon  Bern. 
Olaus,  O.,  Die  Sehaleodmse  der  Daphnlden,  1874. 
Spanoenherg,  Fr,,  Ueber  Ban  und  Botwlcklnng  der  Daphnlden. 
JAOjehorg,  TT.,  Gruet.  Sueeecorum  Ordln.  Branohlop.  et  Subord.  Fhyllop.,  1877. 
PaioeHt  P.,  NuoTa  Serel  dl  recherehe  deUa  fauna  pelaglea  nel  laghl  Italian!,  1877-1879. 
Gfrobben,  O.,  Zur  Batwicklungsgeschlcte  d.  Molna  rectlrostris,  1789. 
Wetgmann,  Beltrage  zur  Naturgsoh.  der  Daphnoiden,  Leipzig,  187^79.   (Valuable  on 
the  physiology). 

The  American  literature  may  be  catalogued  in  a  few  lines.  The 
first  descriptions  and  figures  with  which  I  am  familiar  are  those  in 
the  Kep.  of  the  IT.  S.  Fish  Commission,  1874,  where  S.  L  Smith  notes 
Daphnia  galeata,  D.  pellucida  and  D.  pnlex;  also  a  species  of  Bos* 
mina,  Earycercus  lamellatus  and  Leptodora  hyalina. 

A.  E.  Birge  was  the  first  to  systematically  study  Gladoeera  in 
America,  and  his  ^'  Notes  on  Gladoeera  *^  furnished  a  basis  upon 
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which  to  build.  A  few  notes  were  published  by  the  writer  a  little 
later. 

A  few  additional  notes  and  descriptions  of  new  species  were 
published  in  the  eleventh  annual  report  of  the  Minnesota  geol. 
and  nat.  hist,  survey. 

Prof.  Birge  published  other  notes  in  the  Medical  Journal  and 
Examiner  of  Chicago,  which  I  have  not  seen. 

Prof.  Forbes  of  Normal,  III.,  in  an  article  in  the  American 
Naturalist^  Jalyi  1882,  adds  a  number  of  facts  and  one  new  species. 

In  addition  to  the  above,  a  figure  of  Sida  was  printed  in  one 
of  Hayden^s  Survey  Reports,  and  some  account  of  the  Gladocera 
of  lake  Michigan  was  given  by  B.  W.  Thomas,  I  believe,  in  one  of 
the  official  reports  of  the  Chicago  Water  Commission. 

CLASSIFICATION  OF  THE  CLADOCERA. 

SUB-OBDEB  I.— CALTPTOMEBA  (membrane-clothed). 

Body  enclosed  In  a  bWalve  shell.   Mandibles  truncate  below.   Maxllln  distinct, 
spiny.   Thoracic  ganglia  discrete. 

Tribe  L— Ctbnopoda. 

Feet  six,  similar,  foUaeeous,  all  distinctly  branchiate. 

Fam.  1.— Sididb. 

Swimming  antennae  with  two  unequal  rami,  Intestine  simple. 

Fam.  2.—HohOFSDiDM. 

Swimming  antennae  simple,  elongate  eylindrical(ln  the  male  prehensile), 
intestine  with  two  lateral  dilations. 

Tribe  II. — Akovopoda. 

Feet  live  (or  six)  pairs,  the  anterior  pair  more  or  less  prehensile  and  destitute 
of  branchiae. 

Fam.  1. — DAPHNiD-ffl. 

Rami  of  antennae  three  and  four-jointed,  Ave  pairs  of  feet,  the  last  with 
a  curved  appendage  guarding  branchial  sac;  antannnles  of  female 
short,  one-jointed. 

Fam.  2. — Bosmikid^. 

Six  pairs  of  feet,  antennules  elongated,  many-jointed. 
Fam,  3. — LYNCODAPHNIDiE, 

Antennules  of  female  elongated,  but  one^jolnted;  intestine  simple  qr 
convolute. 

Fam.  4.--Lynceid^. 

Antennae  with  both  rami  three-jointed,  Intestine  convolute,  with  ab- 
dominal but  no  anterior  caeca. 

SUB-OBDEB  II,— GTJMENOIMUBBA  (destitute  of  coyering). 

Body  without  or  nearly  destitute  of  bivalve  shell ;  feet  not  branchiate,  spiny.    An- 
terior thoracic  ganglia  in  one  mass. 
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FaM.  1. — POLYPHBMIDJS. 

Abdomen  ounred,  terminating  In  two  long  stylets. 

Fam.  2.— Leptodobidjb. 

Abdomen  straight,  ending  In  short  claw9. 

FAMILY  SIDIDiE. 

Head  separated  from  the  body  by  a  depressioti,  without  promin- 
ent fornices  (or  spreading  shields)  over  the  base  of  the  antennae. 
First  pair  of  antennae,  or  antennules,  as  we  shall  uniformly  call 
them,  one-jointed,  usually  rather  small  in  the  female,  but  extend- 
ing into  a  very  strong  flagellum  in  the  male.  Antennae  long, 
biramose,  with  unequal  branches.  Mandibles  truncate  at  the  end. 
Maxillae  armed  with  large  spines.  The  form  is  usually  elongate, 
and  the  abdomen  often  extends  beyond  the  edge  of  the  shell 
behind.  The  male  openings  are  usually  in  the  end  of  long  ap- 
pendages which  depend  from  the  base  of  the  post-abdomen.  This 
interesting  family  is  represented  in  America  so  far  by  four  species, 
one  of  which  constitutes  a  new  genus.  Others  will  undoubtedly 
be  found  upon  a  careful  study  of  the  fauna  of  the  great  lakes 
Most  of  the  species  prefer  the  clearer  and  colder  water  of  large 
lakes.  The  processes  of  derelopment,  as  traced  by  the  writer,  yary 
very  little  from  the  method  exhibited  by  Moina.  The  ephippial 
condition,  however,  is  not  found  in  these  animals  which  are  less 
subject  to  destructive  influences  of  the  climate.  They  do,  how- 
ever, produce  so-called  winter  eggs  which  bx^  laid  in  October  and 
are  distinguished  from  the  summer  eggs,  which  hatch  in  the  brood 
cavity,  by  a  brown  color  and  the  presence  of  fatty  spheres.  These 
eggs  are  produced  in  large  numbers  in  distinction  from  most  other 
Cladocera  in  which  the  winter  eggs  are  very  few.  These  eggs  are 
permitted  to  settle  to  the  bottom  and  there  develop  at  the  proper 
time.  Sida  crystallina  is  often  found  in  immense  numbers  in  large 
lakes  which  contain  abundant  plant  growth.  The  size,  and  especi- 
ally the  reproduction  activity,  is  very  dependent  on  the  environ- 
ment, and  hence  little  success  is  obtained  in  preservation  in 
aquaria.  Some  of  the  genera  are  nocturnal  and  should  be  sought 
at  the  surface  on  quiet  evenings. 

I.— Gbkus  Sida.    Straus. 
•     (Plate  N.  Figs.  12-14.) 

Body  elongate,  hyaline.  Head  small,  quadrate.  Fornices  ab- 
sent.   Antennules  of  femala  small,  truncate;  of  male,  with  a  long 
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flagellum.  Second  antennae  with  the  rami  two  and  three-jointed* 
Male  with  the  sexual  openings  jast  behind  the  last  pair  of  feet. 
It  is  the  upper  or  longer  branch  of  the  antennae  which  in  Sida  is 
three-jointed,  while  the  reverse  is  the  case  in  the  next  genus. 
The  only  species,  according  to  P..  E.  Mueller,  is  the  ubiquitous  S. 
crystallina.  The  S.  elongata  of  Sars  is  distinguished  by  the 
smaller  head  and  its  concave  lower  margin  and  more  elongate 
shell.  The  terminal. joint  of  the  longer  ramus  has  one  less  seta 
than  S.  crystallina,  while  the  post-abdomen  has  more  numerous 
spines.  We  incline  to  believe  it  a  valid  variety  at  least.  The 
bibliography  below  is  extracted  from  a  previous  report: 

Daphne  erystdUinfh  Muxlubs. 

Daphnia  cryttaUkyo^  LATiueiLi.B,  Boec. 

Sida  cryttaUina,  Straus,  Mem.  Mus.  Hist.  Nat. 

Sida  crystalUna,  M.  Edwabdb,  Hist.  Nat.  Grnst. 

Jfotiocttluc  cryttaUlnua,  GusLix,  Makuxl,   Fabbioiub. 

Monocvlue  eUmgatut,  Da  Gksb,  Mem.  senrlr.  Hist.  Ins. 

Sida  cryttallina,  Libvik,  Branch,  d.  Danzlger  Geg. 

Baibd,  Brit.  Entom. 

LiLLJSBOBG,  De  emst.  ez  ord.  trib. 

FISCHBB. 

SCHOXDLBB,  Die  Braaob.  d.  XTmg.  t.  Berlin. 
Neue.  Beitr. 

Lbtdio,  Natnrg.  d.  Daph. 

Sabs,  Norges  Ferskv— Krebsdyr. 
Sida  elongata.   Sabs,      *'  *'  " 

Sida  crystaUina,  P.  E.  Mueliab,  Danmark's  Cladocera. 

KuBz,  Dodekas  Neuer  Gladoceren. 

BiBOB,  Notes  on  Oladocera. 

Hbbbick,  Mlcrosc.  Entom. 

LuTz,  Untersuch,  u.  d.  Gladoceren  d.  Umg.  ▼.  Bern.,  1878. 

Whsmank. 

Gbobbbn,  EotwleUung.   Moina. 

Hbbbick,  Grustacea  of  Minnesota. 

II. — Qenxts  Pbbudohsida.    Herrick.    (Genus  n.) 

Similar  to  Sida.  Antennules  of  the  female,  with  a  long  flagel- 
lum,  like  that  of  the  male  of  Sida,  sensory  setee  lateral.  Body 
elongate,  head  short,  extending  into  a  sharp  beak.  The  post- 
abdomen  is  armed  with  groups  of  sharp  spines  or  bristles.  Most 
characteristic,  however,  is  the  fact  that  the  antennary  joint,  which 
in  ^ida  is  two-jointed,  in  this  species  is  tri-arliculate,  and  the  two- 
jointed  ramus  has  a  great  number  of  s'dtse  (16-17). 

Sp.  1.    Psendo-sida  bidentata,  Herrick.    (Sp.  n.) 

(Plate  K.    Fig.  9.) 
Post-abdomen  armed  with  12-14  clusters  of  spinules  in  a  trans- 
verse row  ;  the  terminal  claw  armed  with  two  long  basal  spines^ 
and  with  numbers  of  fine  teeth  on  i^e  inside.    The  two-jointed 
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rainas  of  the  antennae  has  six  setae  on  the  basal,  and  ten  or  eleven 
on  the  terminal  joint,  while  the  three- join  ted  ramus  has  a  short 
terminal  joint  bearing  three  spines.  The  valves  are  marked  with 
sparse  spines  on  the  lower  margin.  In  most  respects  this  species 
is  like  Sida,  which  it  resembles  in  size.  In  the  form  of  the  female 
antennse  it  is  like  Latona  which  it  also  somewhat  resembles^in  the 
number  of  joints  of  the  antennae  and  the  numerous  setae  they  bear. 
It  is  certainly  an  interesting  transition  form«  Found  only  in 
swamps  bordering  Mobile  bay,  Ala.,  but  whether  in  brackish  or 
fresh  water  my  notes  do  not  inform  me.  Sida  crystallina  lives  far 
out  in  the  bay,  and  Daphnella  is  found  in  pools  along  shore. 

III.— Genus  Limkosida.    Sars. 

(Plate  N.    Fig.  9.) 

Head  crested;  eye  in  a  conical  prominence.  Shell  elongated, 
produced  above  in  an  acute  angle.  Antennules  small,  truncate  in 
the  female;  in  the  male  of  enormous  size;  antennae  very  long. 
Post-abdomen  smooth;  terminal  claw  spiny. 

The  one  species,  L.  frontosa,  Sars,  is  not  yet  known  in  America. 

rv.— Gbnus  Daphnblla.    Baird. 

Neither  beak  nor  fornices  present.  Antennules  of  female  small, 
truncate ;  those  of  male  long,  flagellate.  Antennae  with  two-and 
three-jointed  rami.  Male  with  a  hook  on  the  first  foot,  and  large 
oopulatory  organs  attached  to  the  base  of  the  post-abdomen. 

Sp.  1,    Daphnella  brachyora,  Lievin. 

Sida  braehyura,  Libyjn,  Brancb.  d  Danzlger  6eg. 

Daphnella  winoii,  Baibd,  Brit.  Bntom. 

Sida  hrachyurd,  Lilljkboso,  De  onut.  ex  ord.  trlb. 

Viaphamoaoma  brandttanvm.  Fisohxb.  Brganzig .  Borichtlg. 

DaphneUa  InrandUana,  Sabs,  Norges  Penkv.— Krebsdyr. 

Daphnella  hraehyvrat  P.  E.  Mdkllbb,  Danmark's  Cladocera. 

Daphnella  hrachyurat  Lvtz,  OntenuobuDg  u.  die  Gladooeren  d.  Umg.  v.  Bern. 

Sida  braehyura,  PAynn,  Naova  serle  di  reeercbe  della  fauna  pelagtca  net  lagbt 

ItalianKL.  Traslmene). 
Daphnella  braehyura,  Hkbbick,  Notes  on  Crustacea  of  Minnesota. 
<Gompare  also  A  explnoso,  Bibob»  Notes  on  Cladocera  p.  3.) 

The  species  of  Daphnella  found  about  Minneapolis,  occasionally 
abundant,  seems  not  to  differ  in  any  important  character  from 
European  types  of  D.  brachyura,  although  I  formerly  regarded  it 
as  distinct  (D.  winchelli.  Microscopic  Entom.,  Addenda). 

Head  less  than  i  the  body  (about  .27  mm.,  while  the  body  is 
«6  mm.  long);  eye  about  i  head;  antennae  when  reflexed  ext^^nd  a 
little  beyond  }  the  length  of  body.    Male,  .7  mm.  long;  antennsB 
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reflexed,  reaching  base  of  shell ;  anterior  antennse  extremely  long; 
copalating  organs  reaching  nearly  to  end  of  claws.  Having  care- 
fully compared  our  specimens  with  the  descriptions  and  figures 
given  by  Birge  for  his  D.  expinosa,  the  evidence  seems  to  indicate 
not  only  that  they  are  identical,  but  both  are  really  D.  brachyura* 
The  distinctive  characters  of  D.  expinosa  are  a  greater  indentation 
between  head  and  body,  absence  of  caudal  teeth,  greater  length  of 
male  appendages,  and  the  opening  of  the  f  asa  deferentia  below  the 
**  instep  ^'  of  these  appendages. 

The  absence  of  teeth  upon  the  post-abdomen  is  of  even  generic 
importance  according  to  Sars,  who  gives  it  in  his  synopsis  of 
genera  as  typical  for  Daphnella,  In  our  specimens  the  claws  are 
at  least  pectinate  if  not  serrate,  while  the  appendages  *of  the  male 
reach  generally  nearly  to  the  middle  of  the  claws.  The  relative 
length  of  these  appendages  and  the  antennse  of  the  male  is  variable. 

Sp.  2.    Daphnella  brandtiana*  Fischer. 

Head  as  long  as  half  the  body,  antennse  when  reflexed  reaching 
beyond  the  posterior  margin  of  the  valves.  Length  0.8  mm.  Of 
the  validity  of  this  species  we  can  form  no  conclusion.  It  is 
usually  considered  a  variety  or  phase  of  the  above. 

Y.—QjssvB  Latona,  Straus, 

(Plate  N.    Fig.  8.) 

Body  elongate,  broad;  head  large  and  square,  appendaged  below 
with  triangular  laminae;  fomices  present.  Antennules  rather 
large.  The  larger  ramus  of  the  antennae  is  two-jointed  and  has  an 
expanded  process  at  the  base.  The  lower  posterior  angle  of  the 
shell  has  a  peculiar  diverging  set  of  setae.  The  shell  is  often  orna- 
mented with  numerous  flecks  of  bright  color.  There  is  a  copula- 
tory  apparatus  in  the  male. 

Latona  setifera,  Mueller, 

Is  the  only  species,  and  is  not  yet  recognized  in  Minnesota,  but 
was  found  by  Prof.  Birge  in  lake  Michigan. 

FAMILY  HOLOPEDID^. 

Oenus  Holopbdiuk,  Zaddach. 

(Plate  N.    rig.  11.) 

The  peculiar  animal  bearing  the  name  Holopedium  gibberum 
has  the  brood  cavity  greatly  elevated,  and  the  whole  upper  part  of 
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the  animal  is  covered  by  a  jelly-like  mass  secreted  as  a  protection' 
or  float.  The  antennae  are  simple  in  the  female  and  extend 
throngh  a  slit  in  this  covering.  .  In  the  male  they  are  prehensile 
and  have  rudimentary  inner  rami.  It  would  be  difficult  to  recog- 
nize the  affinity  of  the  female  with  its  monstrous  form  were  it  not 
for  the  male  and  particularly  the  development  history.  Found  in 
this  state  probably  only  in  lake  Superior.  Forbes  mentions  it  from 
lake  Michigan. 

FAMILY    DAPHNID^. 

The  family  Daphnidse  contains  the  genera  Moina,  Ceriodaphnia, 
Scapholeberis,  Simocephalus  and  Daphnia,  which  include  the  com- 
monest, as  well  as  some  of  the  largest,  Gladooera.  The  genera  may 
be  distinguished  by  the  following  table: 

I.   Head  rounded,  not  beaked;  antennules  long  In  both  sexes,  sbel! 

not  coverlna;  the  end  of  the  abdomen Molna, 

II.   Head  rounded ;  antennules  rather  short ;  shell  enclosing  whole 

body ....CerCodapTmio.' 

III.  Head  somewhat  beaked  beloWf  shell  angled  below  or  extending 

In  long  spines  from  the  lower  angle,  pigment  fleck  roundish..  .ScapTioleberis. 

IV.  Head  beaked  below;  shell  rounded  below,  with  a  blunt  spine 

above :  pigment  fleck  elongate ..Simocephalus. 

y.    Head  beaked  below ;  shell  extending  in  a  sharp  spine  at  the  upper 

posterior  angle ;  pigments  fleck  small..... Daphnia, 

The  Circulatobt  System  of  the  Daphnid^. 

In  the  DaphnidcB,  and,  indeed,  the  Cladocera  in  general,  we  meet 
an  instance  of  great  development  of  surfaces  at  the  expense  of 
solidity  of  form  and  compactness  of  organs.  The  whole  body  is 
composed  of  an  aggregate  of  laminae,  and  the  appendages  all  ap- 
proximate more  or  less  toward  this  fundamental  modification. 
Thus,  for  example,  the  head  is  a  leaf-like  body  with  a  laminate  shield 
above  and  a  pair  of  flat  organs  beneath.  The  abdomen  terminates  in 
a  knife-like  post-abdomen,  while  the  thorax,  with  its  narrow  form, 
foliaceous  feet  and,  far  more,  the  enormous  development  of  the 
outer  wall  to  enclose,  more  or  less  fully,  the  entire  body,  is  'the 
typical  illustration  of  this  fact.  Necessarily  this  structural  modi- 
fication exerts  a  formative  influence  on  the  internal  organs  which 
are  all  more  or  less  influenced  by  it;  and  this  is  peculiarly  the  case 
with  the  more  external  and,  in  general,  the  paired  organs.  Thus 
the  ^^  shell  glands,'^  so  called,  which  in  Copepoda  are  generally 
coiled  tubes,  become  here  greatly  flattened  organs  closely  united 
with  the  shell.    The  physiological  result  of  this  modification  is  the 
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sensitiveness  to  changes  in  the  environment,  which  is  universal 
among  the  Daphnidce.  The  compact  Gopepoda  survive  the  vicissi- 
tudes of  confinement  with  comparative  immuity,  but  the  first  taint 
in  the  water  destroys  the  delicate  organism  ofDaphnia,  The  cause 
for  this  may  be  found  in  the  exposure  of  the  most  vital  and  delicate 
parts  of  the  organism  to  the  influences  of  the  surrounding  aqueous 
medium.  In  particular  the  circulatory  and  respiratory  systems, 
which  here  are  not  easily  to  be  distinguished  one  from  the  other, 
constitute  a  relatively  very  large  area  of  close  contact  with  the 
water.  It  thus  happens  that  the  central  organs  are  influenced  in 
a  very  short  time  by  whatever  deleterious  substances  may  be  dis- 
seminated in  the  water. 

Notwithstanding  this  lack  of  centralization,  the  structure  of 
these  animals  is  of  a  very  considerable  degree  of  complexity  and, 
presenting  so  many  instructive  modifications  under  circumstances 
so  favorable  for  study^  has  been  very  thoroughly  investigated.  The 
very  transparency  which  has  made  it  possible  to  clear  up  many 
questionable  points  in  crustaceoloey  from  the  lessons  learned  in 
Daphnia,  has  rendered  the  investigation  of  certain  sets  of  organs 
extremely  difficult,  and  among  these  may  be  mentioned  the  circula* 
tory  system.  The  circulation  of  the  nutritive  fluid  and  the  gen- 
eral facts  connected  with  the  heart  were,  indeed  early  understood; 
but  there  remains  many  a  detail  and  some  important  relations 
which  are  as  yet  either  imperfectly  known  or  entirely  misunder- 
stood. The  following  notes  are  offered  as  a  contribution  to  the,  as 
yet  incomplete,  knowledge  of  the  circulatory  apparatus. 

The  observations  were  confined  for  the  most  part  to  Daphnia 
achcefferi  and  Simocephalus  tetulus^  with  occasional  comparisons 
with  EurycercuB^  Pleuroxis,  Pasithea  and  others.  It  is  greatly 
to  be  desired  that  the  study  might  be  carried  to  the  SididsB, 
in  which  the  larger  size  and  superior  transparency  would  doubt- 
less reward  the  search  with  several,  as  yet  doubtful  details. 
The  circulation  of  the  nutritive  fluid  in  the  Daphnidae,  then,  is 
somewhat  complicated,  but  may  be  divided  into  a  superficial  and  a 
deep  system.  It  must  be  remarked  that  this  distinction  is  arbitrary 
and  only  used  for  its  convenience.  The  one  extends  over  the  entire 
inner  surface  of  the  carapace,  while  the  latter  is  in  close  relation 
with  the  vegetative  organs,  and  extends  into  the  branchial  vessels 
of  the  feet.  The  nutritive  fluid  which  is  normally  colorless  and 
supplied  with  corpuscles  of  organized  nutriment,  (it  seems  doubt- 
ful if  they  should  be  called  blood  corpuscles)  is  confined  for  the 
most,  if  not  its  entire,  course  within  membranous  walls  of  connec- 
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tive  tissue  which,  however,  instead  of  assuming  a  definite  form  as 
^'blood  vessels/^  for  the  most  part  conform  to  the  contour  furnished 
by  the  firmer  organs. 

This  membrane  which  is  frequently  folded  upon  itself  and  invests 
the  body  walls  and  the  inner  organs,  is  in  some  places  free,  and  may 
be  seen  as  a  pulsating,  swinging  film,  or,  more  frequently,  it  can 
only  be  detected  as  a  swaying  line  (seen  in  optical  sections),  thus 
giving  rise  to  the  misapprehension  that  one  is  dealing  with  a  thread, 
or  as  moving  graius,  in  which  case  the  film  is  itself  invisible  but  its 
presence  is  indicated  by  the  attached  grains  of  protoplasm.  About 
the  heart  the  free  swaying  portions  of  this  membranous  layer  are 
so  numerous  as  to  render  it  almost  impossible  to  distinguish  the 
essential  from  the  accidental  appearances. 

This  membrane  must  serve  the  most  various  purposes;  aside  from 
the  mere  retention  and  direction  of  the  blood  currents,  it  is  often 
transformed  into  a  branchial  surface.  At  definite  points  it  becomes 
the  bearer  of  the  cells  which  were  above  mentioned  as  grains  of 
protcrplasm.  These  are  most  numerous  in  young  and  well-fed  ani- 
mals, and  in  particular  in  gravid  females,  while,  on  the  contrary, 
mature  males  and  females  after  the  escape  of  the  young,  are  nearly 
devoid  of  such  bodies.  These  are  most  numerous  in  angles  of  the 
membrane,  particularly  about  the  heart,  shell  glands,  ovaries, 
intestine  and  the  branchial  spaces  in  the  feet 

These  cells  vary  in  size  from  that  of  the  blood  corpuscles  to 
larger  cells  with  nuclei  of  comparatively  very  large  size.  It 
would  be  too  much  to  say  that  such  cells  are  developing  blood 
corpuscles;  but  that  they  are  reservoirs  of  nutriment  which  serve 
to  supply  the  increased  demand  upon  the  blood  in  exigencies  of 
the  existence  of  the  animal,  cannot  be  doubted.  It  is  a  well  known 
fact  that  the  number  of  blood  corpuscles,  so  called,  likewise  varies, 
and  apparently  under  the  same  conditions.  It  seems  altogether 
probable  that  the  two  facts  may  be  considered  as  supplementary, 
«.  e.  that  the  ^ame  process  of  depauperating  of  the  blood,  which 
deprives  it  of  its  corpuscles  in  an  earlier  stage,  lays  waste  those 
supplies  laid  up  in  the  cells  referred  to  (whether  by  their  actual 
separation  as  blood  corpuscles  or  simply  desolving  of  the  contained 
material  is  of  little  importance).  These  cells  also  are  thus  paralel- 
Uzed  with  the  '^  oil  globules*^  of  Copepoda.  In  such  copepods  as 
Cyclops  and  Canthocamptua^  which  appear  to  have  no  differen- 
tiated heart,  there  are  always  present  drops  of  colored  fluid,  which 
are  most  numerous  in  well-fed  and  pregnant  specimens.    These 
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drops  occupy  the  same  relative  position  as  the  blood  globules  of 
other  Crustacea,  i,  e.^  they  lie  within  a  very  thin  membrane  cor- 
responding to  the  vascular  walls  of  other  animals.  This  mem- 
brane, in  general,  invests  the  alimentary  canal,  as  can  be  very 
readily  seen  in  the  abdomen,  where  it  encloses  a  considerable  space 
about  the  intestine,  which  is  filled  with  fluid,  investing  more  or 
less  completely  the  muscles  and  other  organs.  As  there  is  no- 
rapid  circulation  of  blood,  these  "oil  drops"  are  comparatively 
stationary,  and  yet  are  moved  slowly  by  the  constant  contraction 
of  the  walls  of  the  alimentary  canal  which,  in  the  anterior  part,  or 
stomach,  are  thick  and  glandular,  while  in  the  abdomen  they  seem 
to  be  more  fitted  for  respiratory  function. 

The  above  arrangement  in  Cyclops  is  correlated  with  its  com- 
pact habit  and  thick  carapace,  and  forms  a  simple  starting-point 
for  the  study  of  the  circulatory  system  in  arthropods.  It  seems 
that  the  walls  of  the  membranous  blood  cavity  are  themselves  also^ 
in  places,  furnished  with  muscles,  so  that  the  fluid  is  not  depend- 
ent entirely  on  the  vermiform  or  the  peristaltic  motions  of  the 
intestine  for  its  escape  from  stagnation.  If  this  be  correct,  we- 
here  have  an  indication  of  the  origin  of  the  central  organ  of  the 
circulatory  system. 

But  to  return  to  Daphnia,  the  heart  lies  in  the  dorsal  region 
over  the  intestine  upon  which  it  may  be  said  to  ride,  as  it  were 
astride,  though  as  we  shall  see,  it  is  separated  from  the  intestine 
by  other  organs.  In  Eurycercus  this  is  most  evident,  as  here  the 
heart  is  more  obviously  bifurcate. 

The  heart  and  circulation  in  Daphnia  has  been  described 
more  or  less  at  length  by  many  authors,  in  particular  Glaus 
(Zur  Eenutniss  der  Daphniden  und  verwanter  (Jladoceren* 
Zeitsch.  f.  Wiss.  Zool.  Bd.  xxvii.)  and  Gruithuisen  (the  work 
of  this  author  I  have  not  seen),  while  Weismann  (Ueber  Bau 
und  Lebenserscheinungen  von  Leptodora  hyalina,  1874 )  describes 
the  heart  of  Leptodora,  and  Clatis  (Zur  Eenntniss  des  Baues  und 
der  Organ,  der  Polyphemiden),  that  of  the  Polyphemidse.  Other 
authors,  except  G.  0.  Sars^  who  elucidates  some  points  in  the 
circulation  of  blood  in  Sida,  seem  to  have  added  little  or  nothing 
to  our  knowledge  of  this  interesting  subject. 

As  already  often  described,   the   heart  occupies  a  place  in  a 
definite  space — the  pericardial  chamber — the  summit  of  which  is 
the  dorsal  shield  which,  we  believe,  should  le  distinguished  from 
the  remainder  of  the  so-called  cephalic  shield.    (It  is  usual  to- 
describe  the  shell  of  Daphnia  as  consisting  of  a  bivalve  posterior 
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portion  or  ormosiegite,  and  a  simple  anterior  cephalostegite;  bat  it 
seems  mach  more  proper  to  consider  that  portion  of  the  shell 
which  covers  the  pericardial  space,  and  is  the  point  of  attachment 
of  the  powerful  muscles  of  the  abdomen  and  of  the  membranous 
walls  of  the  pericardium,  as  a  distinct  portion  of  the  carapace,  as  it 
often  evidently  appears  through  the  presence  of  a  distinct  suture, 
or,  in  its  absence,  through  the  peculiar  sculpture  of  the  shell.  In 
such  case  it  might  also  be  proper  to  distinguish  two  regions  on  the 
lateral  appendages  of  this  dorsal  shield,  an  upper  and  a  lower, 
separated  by  the  more  or  less  obvious  line,  extending  from  the 
union  of  the  lateral  lines  of  the  dorsal  and  cephalic  shield  in 
nearly  a  straight  line  toward  the  posterior  portion  of  the  shell, 
and  indicating  the  insertion  of  the  muscles  which  move  the  feet 
and  post-abdomen.  The  lateral  walls  of  the  pericardial  space 
are  the  shell-walls  themselves,  and  the  floor  is  formed  by  a  mem- 
brane supported  on,  and  investing  in  part,  the  strong  muscles 
which  connect  the  abdomen  with  the  upper  anterior  part  of  the 
dorsal  plate.  Thus  a  space  is  left  between  the  pericardium  and  the 
intestine  which  is  occupied  by  a  special  blood  sinus  leading  toward 
the  posterior  and  lower  part  of  the  abdomen.  The  posterior  wall  of 
the  space  is  formed  by  a  chitinous  partition  which  bounds  the 
brood  space,  or  its  homologue,  and  is  connected  by  chitinous 
processes  (stutzbalken)  with  the  outer  skeleton.  The  anterior,  on 
the  other  hand,  is  only  bounded  by  the  supporting  ligaments  of 
the  abdomen  above  described  and  membranous  partitions.  As 
usually  described,  the  heart  lies  suspended  in  the  cavity  thus  de- 
fined, by  slender  muscular  threads,  more  or  less  like  those  of  the 
heart  of  Corethra  larvae  and  the  like;  and  such  seems  to  be  the 
case  at  first,  but  a  more  careful  study  shows  that  this  is  far  from 
correct.  On  the  contrary,  the  chief  supports  of  the  heart  are 
membranes  which,  seen  in  cross-section  with  the  attached  grains 
or  blood  globules,  assume  the  appearance  of  exceedingly  slender 
structureless  threads.  The  action  of  re-agents  indicates  that  these 
supposed  threads  are  not  muscles,  but  composed  of  connective 
tissue;  while  by  changing  the  focus  the  sharpness  of  the  line  is 
frequently  not  altered,  but  its  relative  position  is  changed^ — a  simple 
test  which  often  serves  to  dispel  an  illusion  of  this  sort.  That 
there  are  some  threads  of  the  character  above  mentioned  is  not  to 
be  doubted,  as  in  connection  with  the  valves  of  the  heart;  but  the 
proper  support  of  the  heart  is  found  in  the  membranes  which 
invest  it  in  part,  and  are  reflected  upon  the  walls  of  the  shell  and, 
anteriorly,  of  the  intestine.    It  is  not  yet  possible  to  fully  describe 
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the  insertion  of  these  tissues,  as  there  is  so  large  a  number,  especi- 
ally about  the  anterior  opening,  where  they  lie  in  all  directions 
and  at  all  angles,  and  are  so  transparent,  that  only  their  vertical 
sections  appear  as  dark  lines.  Thus  the  same  membrane  appears 
and  disappears,  only  to  re-appear  in  a  different  position  where  it 
might  be  readily  taken  for  a  distinct  membrane.  In  general, 
however,  I  hope  to  make  no  serious  error  in  the  following  sum- 
mary. Before  going  into  detail,  however,  it  will  be  necessary  to 
consider  the  intimate  structure  of  the  heart,  as  well  as  its  general 
shape  and  position. 

The  general  shape  is  that  of  an  irregular  oval  with  the  greatest 
convexity  posterior  {Daphnia^  etc.)^  or  it  may  be  strongly  bifid  and 
thus  somewhat  Y-shaped  (Eurycercus^  etc.).  It  is  held  in  position 
in  the  pericardial  cavity  by  the  membranes  above  alluded  to,  to 
which  it  is  attached  at  definite  points,  the  principal  of  which  are  two 
slight  enlargements  on  the  lower  posterior  portion,  which  are  in  part 
opposed  to  each  other  and  also  to  a  superior  posterior  point  of 
insertion.  All  three  of  these  points  are  thus  held  in  relation  with 
the  shell  with  which  the  attached  membrane  is  connected  on  either 
side  below  and  above.  The  membrane  then  extends  part  way  along 
the  heart  wall  towards  the  anterior  and  is  then  reflected  to  the 
shell  wall.  The  result  of  this  is  that  the  pericardial  space  is  an 
angular  cavity  opening  in  front.  It  would  seem  as  though  the 
membrane  attaching  the  heart  were  identical  with  that  lining  the 
cavity  itself.  The  heart  proper  is  obviously  composed  of  series  of 
muscular  elements,  which  are  considered  as  simple  cells  by  Claus, 
and  which  in  young  individuals  show  very  destinct  nuclei  of  compar- 
atively large  size.  These  are  arranged  like  the  meridian  lines  of  a 
globe  uniting  above  and  below,  thus  forming  the  most  effective 
apparatus  possible  for  contracting  the  heart.  In  the  smaller 
DaphnidsB,  as  stated  by  Glaus,  there  seems  to  be  but  a  single  layer 
of  muscular  rays,  but  in  D.  schaefferi  and  Simocephalus  I  have 
rei)eatedly  satisfied  myself  that  some  of  the  longitudinal  rays 
sink  below  the  others  and  form  a  series  of  longitudinal  muscles^ 
as  stated  by  earlier  writers.  These  are  furnished  with  a  nucleus 
which  is  frequently  more  or  less  external,  appearing  like  a  spheri- 
cal appendage.  In  Leptodora  Weismann  has  shown  the  heart  to 
consist  primarily  of  a  membrane  of  connective  tissue,  upon  which 
the  muscular  fibres  or  cells  sit  in  somewhat  the  same  position  as 
in  Daphnia,  except  that  there  is  not  the  same  regularity  in  the 
arrangement.  There  are  many  considerations  which  would  lead 
us  to  expect  the  same  structure  in  Daphnia,  though  it  is  ,not  yet 
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demonstrated;  and  the  stractnre  of  the  anterior  opening  seems  to 
point  in  the  same  direction.    At  any  rate  there  is  a  close  connec- 
tion between  the  muscular  and  connectiye  parts  of  the  heart.     We 
have,  then,  in  the  heart  of  Daphnia  a  highly  developed  apparatus 
for  closing  it,  but  apparently  none  tor  its  opening.    This  certainly 
is  not  accomplished  by  the  few  fibers  which  connect  the  heart 
with    the   shell,   the   very  contractility  of  which    is   doubtful. 
Nay,  more,  these  are  insufficient  eyen  to  hold  it  in  its  place  in  the 
cavity.   Still  less  can  we  assume  that  the  heart,  from  any  inherent 
power,  can  open  itself.    This  must  be  explained  by  the  operation 
of  two  factors  which  are  interdependent,  «.  ^.,  the  elasticity  of  the 
supporting  membranes  and  the  unequal  pressure  of  the  blood  in 
different  parts  of  the  body.    1.  The  membranes  which  support 
the  heart  are  attached  not  at  right  angles,  but>  on  the  contrary,  in 
a  direction  more  nearly  parallel  to  the  walls  of  the  heart,  and  thus 
whatever  elasticity  they  possess  is  greatly  increased;  and  the 
diminishing  of  the  size  of  the  heart  draws  these  membranes  out 
of  their  position  at  the  expense  of  their  elasticity,  which  tends 
to  restore  them  to  their  original  position  when  the  pressure  is 
removed,  in  the  same  way  a  drum-head  returns  after  a  blow  to  its 
normal  position.    This  factor  is,  however,  only  operative  so  long 
as  the  whole  system  of  membranes  to  which  these  belong  is  dis- 
tended wijbh  fluid.    If  this  blood  cavity  be  punctured,  the  fluid 
flows  out  and  the  heart  shrivels.    It  may  continue  to  beat  for 
some  time,  but  it  will  be  seen  that  the  effort  consists  simply  in 
a  vigorous  contraction  which  is  followed  by  no  perceptible  enlarge- 
ment.   2.  After  the  systole  the  blood  of  the  heart  is  forced  toward 
the  head,  whence  it  is  prevented  from  re-entering  the  pericardial 
space  directly  by  the  valves  and  the  membrane  enclosing  the 
arterial  blood.    The  pressure  is  therefore  increased  in  all  parts 
of  the  system,  except  the  pericardial  chamber  where  it  is  greatly^ 
diminished.    The  membranes  supporting  the  heart  are  thus  un- 
usually tense,  and  the  muscular  effort  having  ceased,  the  walls  of 
the  heart  are  distended,  and  blood  flows  in  in  the  direction  of  the 
least  resistance  through  the  two  lateral  openings  or  ventral  valves 
of  the  heart.    The  contraction  of  the  heart  during  the  systole  is 
not  simultaneous  in  different  parts,  but  begins  by  the  contraction 
of  the  posterior  part  where,  beinc:  nearly  free,  the  motion  is  more 
marked.    At  the  close  of  the  systole  the  heart  is  irregularly  con- 
tracted, the  points  of  attachment  above  described  being  more  dis- 
tended than  the  remaining  portions.    The  anterior  of  the  heart  is 
rendered  very  difficult  to  study  by  the  fact  that  its  opening  is 
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covered  by  the  muscles  of  the  mandibles  and  obscared  by  the 
many  supporting  and  vibrating  membranes  alluded  to. 

It  is,  however,  suspended  by  two  folds  of  membrane  which  I  have 
been  inclined  at  times  to  believe  blood-vessels  through  appearances 
resulting  from  the  confused  currents  flowing  about  them.  The 
upper  margin  is  also  attached  by  a  pair  of  cords  directly  to  the 
superior  part  of  the  shell.  The  anterior  opening  or  arterial  valve 
is  most  perplexing,  and  the  following  description  which  applies 
only  to  Daphnia  schsefferi  must  be  subject  to  some  doubt.  It  ap- 
pears however  that  it  has  been  in  a  measure  misunderstood  by  pre- 
vious writers,  and  namely  by  Glaus,  who  compares  it  with  that  of 
Leptodora,  which  if  correctly  described  by  Weismanh,  is  not  at  all 
identical  in  form,  but  quite  comparable  with  one  of  the  sides  or  lips 
of  the  venous  opening.  It  does  not  seem  to  be  connected  by  a 
thread,  as  stated  for  Leptodora^  with  the  aortal  bulb,  for  in  reality 
there  is  no  aortal  bulb;  the  heart  simply  is  connected  with  the 
system  of  membranes  which  more  or  less  inclose  the  system.  The 
floor  of  the  so-called  aortal  space  is  a  membrane  which  separates  the 
outflowing  stream  from  a  carrent  which  flows  toward  the  abdomen 
and  passes  directly  under  the  arterial  opening,  so  that  it  appears  as 
though  there  was  a  stream  entering  the  heart  from  before  as  well 
as  at  the  sides;  the  arterial  opening  being  nearer  the  dorsal  part  of 
the  heart  than  is  naturally  expected,  and  the  slight  enlargements 
at  the  attachment  of  the  supporting  membrane  favoring  the  im- 
pression that  there  is  here  a  veritable  opening.  The  out-flowing 
blood  stream  is  bounded  at  flrst  by  the  membrane  above  mentioned, 
which  is  farther  on  reflexed  onto  the  shell  and  intestine  so  that 
the  streams  in  the  head  flowing  just  under  the  shell  are  separated 
from  the  deep  dorsal  stream  flowing  from  the  heart.*  This  main 
current  passes  to  the  region  of  the  eye  between  the  horns  of  the 
csBca  of  the  alimentary  canal,  and  thence  beneath  the  stomach,  and 
*  here  divides,  part  becoming  external  and  a  deeper  part  passing  un- 
der the  intestine,  thence  in  front  of  the  heart,  flows  into  the  deep 
sinus  which,  as  before  said,  passes  beneath  this  organ.  Other  por- 
tions of  .the  returning  stream  flow  around  the  angle  of  the  union 
of  the  head  and  body  and  constitute  a  stream  just  above  the  feet 
in  which  the  current  flows  vigorously. 

Tet  other  portions  flow  into  the  region  of  the  shell-gland  and 
are  united  with  blood  which  here  parses  through  the  numerous 
sinuses  described  by  Glaus  as  surrounding  this  organ  (Die  Schalen* 

*In  PuMUKaa  raeUnMMt  tiiia  septam  is  easily  seen  aa  a  swajrin^r  membnuie,  which  near 
the  eye  is  reflexed  to  the  top  of  the  shelL 


Digitized  by  VjOOQIC 


8TATB  GEOLOGIST.  81 

druse  der  Daphnien)  and  thence  flows  into  the  abdomen,  uniting 
with  the  other  two  streams.  A  part  also  of  the  current  in  the  head 
flows  into  the  antennae  where  it  follows  a  deep  course  through  the 
basal  joint  in  which  the  corpuscles  may  be  seen  to  emerge  to  the 
surface  from  two  points  where  are  spaces  between  the  powerful 
muscles,  the  first  being  near  the  base  and  the  second  near  the  ex- 
tremity of  this  joint,  and  then  to  return  and  join  the  superficial 
current. 

The  corpuscles  appear  to  enter  the  rami  very  rarely  if  at  all. 
That  part  of  the  superficial  stream  which  reaches  the  interior  of 
the  pericardial  chamber  passes  between  the  muscles  of  antennae, 
and  jaws  and  seems  to  find  its  way  into  the  greac  current  beneath 
the  heart,  though  I  have  also  thought  to  have  seen  it  fiow  dire^^tly 
into  the  pericardial  space  as  the  lateral  superficial  streams  do. 
That  part  of  the  superficial  stream  which  reaches  the  posterior 
margin  of  the  shell  returns  through  a  canal  formed  by  the  walls 
of  the  shell  and  the  brood-space,between  the^^stutzbaiken^^of  which 
the  blood  corpuscles  can  be  seen  to  glide  more  rapidly  than  in  the 
free  lateral  spaces. 

Lastly,it  only  remains  to  follow  the  fortune  of  the  strong  stream 
flowing  along  the  neutral  surface  of  the  abdomen.  The  strong 
current  flowing  beneath  the  heart  enters  a  broad  sinus  which  lies 
•over  the  intestine  and  extends  for  over  a  third  of  its  length,  where 
its  walls  unite  with  the  surface  of  the  intestine  above  and  thus 
•open  downward  on  either  side. 

The  stream  thus  directed  flows  toward  the  openings  of  the  base  of 
the  feet.  The  structure  of  the  branchise  has  not  yet  been  clearly 
described.  Instead  of  nearly  spherical  or  oval  chambers  they 
are  really  tubes  which  connect,  on  one  hand  with  the  opening^ 
above,  and  below  with  the  general  cavity  of  the  limb,  whence  the 
blood  returns  to  the  abdomen.  The  current  is  very  rapid  through 
these  tubes.  The  blood  having  been  returned  to  the  ab- 
domen, courses  in  the  well  known  manner  through  the  poet-ab- 
domen and  flows  over  the  intestine,  thence  over  the  back-flowing 
stream  to  the  posterior  lower  opening  of  the  pericardial  chamber. 

The  study  of  the  actions  of  the  heart  is  rendered  more  difficult 
by  the  fact  that  in  order  to  secure  the  greatest  possible  transpar- 
ency, the  living  animal  must  be  covered  and  a  little  pressure  ap- 
plied, which  is  frequently  attended  with  abnormal  variations  of  the 
•circulation.  In  particular  if  the  usual  exit  of  the  blood  be  stopped 
by  the  caeca  of  the  intestine,  as  is  frequently  the  case,  the  opera- 
tion of  the  heart  may  be  reversed,  when  a  vigorous  stream  may  be 
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seen  to  enter  the  arterial  opening  and  emerge  from  the  ventricles* 
This  process  would  be  impossible  if  the  anterior  valve  were  as  de- 
scribed bj  Clans  and  Weismann;  while  being  really  more  like  the 
venous  valves,  it  is  easily  and  frequently  permitted.  The  current 
of  the  blood  in  this  case  sti^nates  except  near  the  heart. 

The  rapidity  of  the  pulsations  of  the  heart  varies  vrith  age  and 
condition  of  rest  or  motion. 

In  D.  schseflPeri  this  variation  may  range  from  about  150  pet 
minute  to  perhaps  250,  200  being  probably  a  fair  average.  In  a 
young  Simocephalus  I  have  observed  a  heart  beat  300  times  in  a 
minute.  Again,  in  a  specimen  of  D.  Schseflferi  at  rest  the  heart 
was  beating  170,  but  during  the  spasmodic  motion  of  feet  and  an«- 
tennse  the  pulse  rose  to  over  200. 


I.— Qkniis  Moika.    Baird. 

The  systematic  position  of  this  genus  has  been  the  theme  of 
some  discussion,  it  being  claimed,  with  good  reason,  that  there  are 
many  resemblances  to  the  LyncodaphnidsB  (P.  E.  Mueller  considers 
it  a  transition  to  the  Bosminidse  and  lyncodaphnids);  on  the  other 
hand,  Leydig  and  Eurz  regard  it  more  closely  allied  to  the  Sididss^ 
with  equally  good  reason.  The  long  antennas,  long  narrow  anten- 
nules  and  many  peculiarities  in  form,  etc.,  suggest  the  macrothroid 
crustaceans;  the  extended  abdomen  and  especially  the  location  of 
the  male  seminal  opening  are  like  Daphnella,  which  Moina  resem* 
bles  in  motion  and  habit  very  strikingly.  The  absence  of  the  pig- 
ment fleck  is  no  more  a  characteristic  of  the  Sididsd  than  of  other 
groups.  After  all  has  been  said,  the  immediate  affinities  of  the- 
genus  are  acknowledged  to  be  with  the  Daphnidse. 

The  true  place  of  the  genus,  as  it  appears  to  the  writer,  waa 
hinted  at  by  Birge  (Notes  on  Gladocera).  Moina  seems  to  be  the 
pivotal  point  of  the  Gladocera,  at  least  of  the  families  above  men* 
tioned.  Without  going  into  phylogenetic  speculation,  it  is  sug- 
gestive that  this  genus  can  and  does  by  preference  live  in  very  im* 
pure  water  and  may  therefore  have  had  an  early  origin.  From 
Moina  diverges  the  stem  of  the  Daphnidse  by  way  of  Geriodaphnia,^ 
Simocephalus  and  Daphnia.  These  two  latter  genera  are  intimately 
connected  by  Simocephalus  daphnoides,  Herrick.  Scapholeberia 
is  connected  with  Ceriodaphnia  through  S.  angulata,  Herrick. 
The  SididsB  seem  to  diverge  by  the  way  of  Daphnella,  through 
which  by  means  of  Pseudo-sida  the  genus  Sida  is  reached,  and  final-^ 
ly  Limnosida,  Latona  and  Holopedium.  The  relationships  of  the 
curious  Polyphemidse  are  less  evident. 
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The  Lyncodaphaidae  make  an  easy  traasition  to  the  Lynceids 
proper,  while  the  BosminidaB  are  still  quite  isolated,  but  are  sug- 
gested by  Macrothrix  pauper.  The  fact  that  Moina  stands  thus 
related  to  radiating  groups  is  simply  suggestive,  but  it  is  sugges- 
tive of  its  possible  antiquity  and  synthetic  character. 

The  three  species  of  this  genus  stand  very  poorly  distinguished 
from  one  another  and  their  specific  validity  may  be  doubted. 

The  most  exhaustive  study  of  the  embryology  of  the  Gladocera 
was  based  on  Moina.  {Orobben^  Entwick  d.  Moina^  etc.) 

The  genus  is  characterized  by  Weismann  and  Oruber^  about  as 
follows: 

Head  prone;  separated  by  a  depression  from  the  thorax;  fornices 
obscure;  rostrum  none;  pigment  fleck  absent;  autennules  of  the 
female  large,  moveable,  furnished  with  a  sensitive  seta  near  the 
middle,  flagelliform;  antennulesof  the  male  very  large,  hooked  at 
the  end.  The  setae  of  the  antennae  are  all  ciliate;  the  tri-articu- 
late  ramus  with  five  setae;  posterior  margin  of  the  valves  thicker 
in  the  median  line;  caudal  setae  very  large,  about  twice  in  the 
length  of  the  animal;  anus  above  the  claws;  feet  of  the  first  pair  of 
the  male  with  a  strone:  hook. 

Weismann  has  shown  that  both  summer  and  winter  eggs  origi- 
nate from  groups  of  four  cells,  one  of  which  only  is  transformed 
into  the  egg^  the  remaining  three  serving  simply  as  a  supply  of 
nourishment  for  the  ^gg^  which  absorbs  it  directly.  Both  eggs  and 
nutrient  cells  develop  from  the  epithelium  of  the  termination  of 
the  ovary.  The  summer  eggs  have  less  yolk  than  the  winter  brood, 
and  the  yolk  is  bluish  in  the  summer  eggs  and  deep  red  in  the 
winter  eggs  of  Moina  rectirostris;  while  in  M.  paradoxa  the  sum- 
mer eggs  have  yellow  and  the  winter  set  snow-white  yolk.  There 
are  never  more  than  two  winter-eggs  in  any  of  the  Daphnidae,  but 
there  are  as  many  as  twenty  summer  eggs  in  some  cases  in  Moina. 
In  M.  rectirostris  only  one  winter  egg  is  produced,  which  is  one  of 
the  best  distinctions  of  the  species,  as  this  is,  perhaps,  the  only  case. 
(Naturgeschichte  der  Daphnoiden^  Weismann.)  The  first  genera- 
tion, springing  from  the  winter  eggs  (impregnated  eggs),  is  com- 
posed solely  of  females  which  reproduce  parthenogenetically;  the 
second  brood  contains  sexual  males  and  females,  thus  completing 
the  cyclus. 

1   Ueber  einege  ntut  oder  unvoOeommen  gtikannie  Daphniden,  Freiburg ^  1877. 
3 
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Sp.  1.    Moina  rectirostris,  Mueller. 

(Plate  A.    Figs.  2,  5, 8, 10, 11.) 
A.  Var.  vera. 

Daphnia  reeliro9lris,      0 .  F.  MOBIXVB.  LiiTBBILLV,  B08C.  DBSKiiBB8T,8CHBJLMK,LFroiO. 

Monoeulua  reetiroHria,  GmbLIN,  FabbiGIUB,  MaNUBCji  JUBINB. 

Pa$Wtsa  reeliroBtHs,      KoCH. 

Moina  raetlroitrit,         BaIBD.  WBMMiiirH,  KtTBZ,  BiBOB. 

a.  Var,  braehialua. 

Monoculu$  braehiahu.  JUBINB. 

Dapania  brMshiata,       Dbsmabbst,  EoWABDB,   Lbtdio. 

MoiiM  braeMaia,  Baibd,  WBlSlfAMM. 

C.  Both  varieties, 

Motna  bracMata.  P.  E.  MUSLLBB.  LiLLJBBOBo. 

Tbe  only  tangible  dififereuce  between  the  two  forms  thus  united 
is  the  fact  that  M.  rectirostris  produces  but  a  single  winter   ovum 
and  hence  has  a  one-chambered  ephippium,  while  M.  brachiata  has 
a  two-chambered  ephippium. 

The  head  is  separated  from  the  thorax  by  a  marked  depression ;  there 
is  a  deep  depression  above  the  eye;  the  margins  of  the  shell  have  few 
bristles.  The  post-abdomen,  which  extends  far  beyond  the  edge  of  the 
valves,  bears  about  eleven  hairy  spines  on  either  side,  the  lower 
«pine  being  two-cleft  at  the  end;  the  base  of  the  claws  bears  a 
comb  of  small  teeth,  and  the  posterior  margins  are  bristled.  The 
ephippium  is  oval;  and  the  single  cavity  in  M.  rectirostris  has 
its  longer  axis  horizontal,  while  the  two  cavities  of  M.  brachiata  are 
vertical.  The  depression  above  the  eye  is  deeper  in  the  males,  in 
which  sex  also  the  antennae  are  longer  and  bent  at  the  middle. 
'The  seminal  bodies  are  stellate.  Length  1,  2  mm.  The  form  is 
.subject  to  the  greatest  variation  due  to  the  varying  number  of  sum- 
t<ner  eggs.  Birge  finds  this  species  abundant.  I  have  found  both 
:ihi8  and  the  following  species  in  various  parts  of  the  Mississippi 
^valley  trom  Mobile  to  the  upper  river  region. 

Sp.  8.— Moina  paradoxa,  WeTsmann. 

(Plate  A.    Figs.  1,3,6,7,9.) 

The  species  differs  in  a  few  very  insignificant  points  from  the 
previous  one.  The  head  is  short  and  nearly  evenly  convex 
above,  with  no  deep  depression  above  the  eye;  teeth  of  terminal 
claws  reduced  to  bristles  which  are  only  a  little  longer  than  the 
series  extending  down  the  claw  as  in  the  above  species;  the  first 

I'^Gruber  and  Welsmann,  ueber  einifpe  neiie  oder  unvollkmmen  gekannte  Daphniden 
Freiburg,  1877 
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foot  of  the  male  is  furnished  with  a  long  bristle;  the  lower  shell 
margins  are  more  bristly  than  in  the  previous  forms;  the  ephip- 
pium  has  two  cavities,  while  the  seminal  bodies  are  crescent-shaped. 

Sp.  3.— Moina  micrura,   Kurz. 

This  form  may  b^  of  specific  value,  but  it  is  not  sufficiently  dis- 
tinguished to  make  this  certain.  As  described  by  Eurz,  it  seems  to 
be  smaller  (1  mm.)  and  most  to  resemble  M.  paradoxa,  which  was 
not  at  that  time  described.  The  post-abdomen  is  short  and  has  few 
<6)  spines,  while  the  terminal  claws  are  shorfc  and  smooth;  the 
head  has  a  sinus  above  the  eyes;  the  eyes  are  smaller,  with  numer- 
ous lenses;  the  antennules  are  shorter  (?)  than  in  M.  rectirostris; 
the  mandibles  are  partly  exposed,  while  the  shell  margin  overlying 
is  notched.  Males  and  ephippial  females  were  not  observed.  Not 
distinguished  in  America. 

II. — Genus  Cebiodaphkia,  Dana. 

The  genus  Geriodaphnia  i:)  the  successor  to  Moinu,  which  some 
species  greatly  resemble;  the  post-abdomen,,  howaver,  is  shorter 
and  has  a  habitus  resembling  Daphnia;  the  anteinae  are  smaller, 
and  the  shell  is  thick  and  coarsely  reticulated. 

Geriodaphnia  has  the  same  general  mode  of  life  as  Moina,  living 
in  muddy  pools  in  late  summer  and  bearing  numerous  broods 
which  often  greatly  extend  the  brood  cavity.  The  antennules  are 
shorter  but  have  a  similar  form;  the  male  antenuee  show  a  transi- 
tion in  the  various  species  from  forms  adapted  for  prehension  to 
such  as  are  found  in  Daphnia.  The  brood  cavityns  closed  by  two 
ridges  on  the  abdomen  instead  of  one,  as  in  Moina,  or  three^  as  in 
Daphnia. 

The  ephippium  contains  but  a  single  ovum.  In  general,  the 
form  is  oval  or  quadrate,  angled  but  not  spined  posteriorly;  head 
separated  from  the  body  by  a  deep  depression;  pigment  fleck  pres- 
ent; beak  absent;  antennules  moveable,  rather  short;  antennee  with 
the  three>  join  ted  ramus  with  five  setae;  first  foot  of  the  male  with 
a  hook  or  flagellum. 

The  members  of  this  genus  are  danger  signals  from  a  hygienic 
point  of  view,  for  they  frequent  water  containing  decaying  matter; 
as  many  as  1,400  were  counted  in  a  single  quart  of  such  water. 
The  genus  is  particularly  perplexing,  as  the  varieties  named  seem 
to  be  hardly  entitled  to  specific  rank  and  are  so  similar  as  to  re. 
quire  great  care  to  properly  distinguish. 


Digitized  by  VjOOQIC 


36  TWELFTH  AlimUAL  BfiPOBT. 

The  following  artificial  key,  it  is  believed,  will  assist  in  placing^ 
the  specimens  which  may  be  obtained  in  America.  There  seems 
no  reason  to  doubt  that  our  fauna  is  very  similar  to  that  of  north 
Europe.  Of  the  twelve  species  here  enumerated  at  least  one-third 
may  be  synomyms  and  others  of  the  remainder  are  with  difScuIty 
distinguished. 

Artificia-L  Key  to  the  Gbkus  Cebiodaphnia. 

A.  Shell  irregularly  striate. 

1.  C.  megops,  8ars. 

2.  C.  critUUa,  Blrge. 

B.  Shell  with  hexagonal  meshes. 

a.  Shell  witb  doubly  contoured  markings. 

(aa)  Head  broad,  short. 
8.  a  jnUehdla,  Sars. 

(bb)  Head  narrowed,  depressed. 
4.  C.  rtAunda,  Straus,  (antennules  normal.) 
6.  C.  otobotiMiMifl,  Herrlck,  (antennules  elongate.) 

b.  Shell  aixnply  marked* 

(cc)  Claws  with  teeth. 
6.  a  reticulata,  Jurine. 
[7].  (7.  dcntato,  Birge. 

(dd)  Claws  without  teeth. 

I.  Antennse  very  long. 

8.  C.  punctata,  P.  E.  Mueller. 

II.  Antenne  normal  or  short. 
*  Post*abdomen  broad. 

9.  C.  laHeavdatut,  P.  E.  Mueller.    1  mm.  loug. 
[lOJ.  C.  eoMort,  Birge.  0.0  mm.  long. 

**  Post-abdomen  narrow. 

t  Head  not  angled  behind  the  eye. 
11.  C.  quadrangtUa^  Mueller. 

ft  Head  abruptly  augled  behind  the  eye. 
19.  Caciltda,  Herrlck. 

C.  Shell  reticulate  with  rectangular  meshes. 

13,  C.  nUida,  Schoedler. 
[14].  C.  texUlM,  Dana. 

Sp.  1.      Ceriodaphuia  me^ops,   Sars. 
(Plate  A.    FigP.  16,20.) 

OBTioiaphnia  megopt,  SAR8,  P.  E.  MuKLLBR,  KuBz.  (The  earlier  synonymy  isldoubtful 
Bee  note,  page  26,  Schoedler's  Neue  Beitrage  zur  Naturgesohlcht& 
der  Cladoceren. 
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This  species  is  one  of  the  largest  and  most  readily  distingaished 
as  well  as  rarest  of  the  genas.  Very  characteristic  is  the  fine  an- 
astomosing striation  which  breaks  up  into  reticuli^on  only  near 
the  shell  margins.  This  species  seems  to  form  the  transition 
toward  Simocephalas  with  Scapholeberis,  which,  however, 
diverges  along  its  own  pecaliar  track.  The  length  is  sometimes  1 
mm.  The  head  is  obscurely  angulated  in  front  of  the  antennules« 
which  are  large.  The  antennales  of  the  male  are  long 
and  have  a  hooked  setae  at  the  end. 

*   Typical  C.  megops  has  not  yet  been  found  in  America,  bat  the 
following  form  takes  its  place. 

Sp.  2     Ceriodaphnia  cristata,   Birge. 

The  description  given  by  Birge  woald  apply  in  almost  every  par- 
ticular to  G.  megops,  though  he  seemed  to  overlook  the  close  con- 
formity. The  size  is  much  less  (0.7  mm.),  and  the  post-abdomen 
seems  more  abruptly  truncate;  moreover  the  number  of  anal  spines 
is  less.  The  crest  upon  the  dorsal  margin  may  be  the  effect  of 
prominences  such  as  are  described  by  P.  E.  Mueller;  at  any  rate,  in 
view  of  the  fact  that  but  few  specimens  were  discovered,  the  sug- 
gestion lies  near  that  C.  cristata  is  the  young  or,  at  least,  a  reduced 
form  of  G.  megops. 

Found  at  Southampton,  Mass. 

Sp   3.-- Ceriodaphnia  pulchella,  Sara, 
(Plate  A.    Figs.  14, 19.) 

<kriodaphnia  puleKeUa,  8abs«  P.  E.  MUELLVR,  KUBZ. 

Very  much  like  G.  reticulata,  but  smaller.  Head  large,  turgid, 
and  angled  in  front  of  the  antennules,  forming  almost  a  right  an- 
gle; fornices  moderate;  antennules  rather  large;  shell  oval,  reticu- 
lated with  double  contour  lines;  post-abdomen  of  medium  size, 
narrowed  toward  the  end,  slightly  truncate,  with  about  nine  spines; 
terminal  claws  short,  smooth.  The  flagellum  of  the  male  antennsB 
is  but  slightly  hooked,0.5— 0.6  mm.  long.  This  species  is  not  cer- 
tainly identified  from  America,  though  a  form  with  smooch  claws 
and  small  fornices  occurs  with  G.  dentata  in  some  places. 

Sp.  4.    Ceriodaphnia  rotunda*   Straus. 
(Plate  13.    Fig.  1,    Plate  A.  Figs.  13 and  23.) 

Daphnia  rotunda,  Stbaus,  Baibo. 

Certodaphfda  rotynda,  SOHOBOLSB,  BaBS,  P.  B.  MUBLLBB,  KUBZ. 
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As  said  by  Eurz,  this  species  is  not  easily  mistaken ;  the  small 
head  (only  paralleled  by  the  following),  the  very  evident  reticula- 
tions and  the  broad  abdomen  give  it  a  pecaliar  habitas  which  is 
unmistakable. 

Head  depressed,  small,  spiny  below,  not  angulated;  forni€e» 
prominent,  thomed;  body  rotund,  almost  spined  above; shell  doubly 
reticulate;  post-abdomen  broad,  with  seven  or  eight  anal  spines^ 
claws  large,  smooth.  The  male  antennules  are  little  larger  than 
those  of  the  female.     I  have  not  yet  seen  this  species  in  America.. 

Sp.  5.    Ceriodaphnia  alabamensis^  fierrick, 

(Plate  B,    Fifir,2.) 
(American  Naturaliit,  May  1888.    Plate  v,  Pigs.  11. 13.) 

This  species  was  seen  but  once  and  is  insufficiently  known.  The 
body  is  elongate,  quadrate,  the  shell  reticulated  with  double  con* 
tour  lines,thehe^d  very  small  and  produced  downward  below  the  eye, 
which  is  very  small,  the  antennules  are  longer  than  in  any  other 
species,  obviously  two-jointed,  with  a  lateral  seta;  the  antennas' 
are  very  long;  post-abdomen  long  and  rather  narrow,  with  the 
margins  nearly  parallel,  truncate  at  the  end,  with  over  nine  anal 
spines;  claws  smooth,  abruptly  truncate.  My  drawing  represents  a 
daphnia-Iike  set  of  processes  for  closing  the  brood  cavity.  Length 
1  mm.  (?) 

Tuscaloosa,  Ala. 

Sp.  6     Ceriodaphnia  reticulata,  Jurine. 

Monceuhu  retictdaitu,  JVBJVK. 

Daptuiia  retleulata,  Baibd,  Lbtdio. 

Ctrtcdaphnia  quadrangtda,  SOHOKDLEB. 

Ouriodaphnia  retieukUa,  SAB8,  P.  E.  MUSLLXR,  JCUBZ,  Bbrbick. 

Head  long,  obscurely  angled  in  front  of  the  antennules;  fornices 
very  prominent;  antennules  small;  post-abdomen  of  moderate  size, 
rounded  at  the  end,  slightly  tapering;  about  eight  long  anal  teeth: 
terminal  claws  with  a  series  of  sharp  spines  at  the  base.  The  re-^ 
ticulations  are  sharp  but  simple.  The  flagellum  of  the  male  an 
tennule  is  either  straight  or  moderately  curved.  Kurz  says  that 
some  varieties  have  the  fornices  blunt  w  thers  are  sharp.      L 

have  seen  only  the  blunt  form  which  is  then  much  like  the  next. 

Sp.  7.    Ceriodaphnia  dentata,  Birge. 

This  form  differs  from  the  above  only  in  having  the  inside  of  the 
claws  fringed  with  minute  bristles  (sometimes  absent),  the  angle 
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of  the  head  beiag  more  marked  aod  the  foraices  less  prominent.  It 
is  difficult  to  say  whether  our  Minnesota  specimens  most  resemble 
this  or  the  typical  G.  reticulata  of  Europe.  They  seem  intermedi- 
ate, some  having  fornices  with  an  abrupt  angle.  It  may  be  in* 
strnctive  to  quote  Eurz  on  the  European  C.  reticulata — "Examples 
occur  0.8-0.9  mm.  long,  others  on  the  contrary  only  0.5-0.6  mm, 
long  and  combining  with  the  smaller  size  some  differential  cbar* 
acters.  In  the  larger  variety  I  found  the  fornix  obtuse,  while  in 
the  smaller  it  extends  in  a  sharp  thorn  directed  upward  and  out* 
ward.  In  this  small  sub-species  the  secondary  teeth  of  the  clawa 
of  the  post-abdomen  seemed  to  be  absent,  though  in  C.  reticulata 
3-5  are  constantly  present." 

Sp.  8.  Cerlodaphnia  punctata,  P.  E.  Mueller. 
(Plate  A.  Figs.  1-3.) 

Head  depressed,  rounded  at  the  end,  not  angulated,  ornamented 
with  minute  spines  within  the  hexagonal  areas.  Fornices  slightly 
prominent,  either  smooth  or  spiny;  antennules  very  long;  shell 
rotund,  reticulated;  post-abdomen  of  medium  size,  width  nearly 
uniform,  truncate  below  at  an  obtuse  angle;  anal  spines  large,  in* 
creasing  toward  the  end;  claws  smooth.    Length  0.7 — 0.9  mm. 

Found  as  yet  only  in  Scandinavia. 

Sp.  9.  Ceriodaptinia  laticaadata,  P.  E.  Mueller. 
(Plate  A.    Tig.  22.) 

Ceriodaphnia  quadrcmgula,  SABS,  (fide  Mosujn.) 

Head  small,  depressed,  rounded  at  the  end,  not  angulated;  forni- 
ces prominent;  shell  roundish,  or  sub-quadrangular,  moderately 
reticulated;  antennules  rather  large;  post-abdomnen  broad,  nar- 
rowed from  the  middle  to  the  end;  the  nine  Or  ten  small  anal  spines 
nearly  equal;  claws  large  and  smooth.  In  P.  E.  MuellerVtime 
males  unknown.  Length  1  mm.  Specimens  0.6  mm.  long  from 
Minnesota  agree  in  most  respects,  but  the  reticulation  is  very 
marked  and  irregular  and  the  terminal  claws  are  pectinate.  This 
form  constitutes  a  transition  to  the  next. 

A  species  related  to  G.  laticaudata,  but  only  half  the  size,  wa» 
found  in  darkens  lake,  a  small  but  very  deep  pool,  containing  a 
fauna  like  that  of  the  great  lakes.  The  appearance  is  like  the 
small  form  alluded  to  under  that  species,  but  the  claws  are  smooth^ 
the  head  is  slender  and  strongly  angled  behind  the  eyes,  and  the 
antennules  are  of  rather  large  size.     The  fornices  are  not  very 
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protainent.  The  shell  is  large-reticulate  and  the  abdomen  is  large 
and  obliquely  truncate,  the  anal  teeth  beins  very  large  and  strongly 
curved.  The  only  individuals  seen  were  ephippial  females  measur- 
ing .55  mm.    This  may  be. 

,Sp.  10.   Ceriodaphnia  consors,  Birge. 

This  species  differs  from  C.  laticaudata  in  one  or  two  points, 
being  about  one-half  the  size  and  having  fewer  caudal  teeth.  Birge 
says  the  abdomen  is  broad  and  obliquely  truncate.  The  difference 
between  being  obliquely  truncate  and  narrowed  at  the  end  in  some 
circumstances  disappears,  so  that  really  this  species  seems  quite 
close  to  laticaudata. 

Found  in  Madison,  Wis. 

Sp.  11.    Ceriodaphnia  quadraogula,  Mueller. 
(Plate  A.  Figs.  17-18.) 

Daphnia  qucidranfftda,  O.  F.  MutCLLSB. 

Daphnia  relieulaia,  BaIRD. 

Ceriodaphnia  quadranffiUa,  P-  £•  MUSLI.KB. 

Head  depressed,:  rounded  at  the  end,  only  slightly  angled;  forni- 
ces  prominent,  antennules  large;  post-abdomen  narrow,  of  equal 
width  for  the  lower  half,  rounded  at  the  end,  with  about  eight 
small  spines;  claws  smooth,  length  about  0.6  mm.  This  species 
resembles  a  smooth-clawed  D.  reticulata. 

Sp.  12.    Ceriodaphnia  scitnla,     (Sp.  n.) 
(Plate  B.  Figs.  5-7.) 

One  of  the  most  abundant  species  of  Ceriodaphnia  in  Minnesota 
is  a  large  form  much  i^sembling  C.  quadrangula.  The  post-ab- 
domen is  exactly  as  in  C.  reticulata  or  G.  dentata,  which  latter  it 
resembles  in  having  a  sharp  angulation  in  front  of  the  antennules. 
The  shell  is  oblong  and  heavily  marked  with  minute,  regular  hex- 
agonal lining;  the  upper  angle  is  rather  sharp.  The  head  is  closely 
appressed,  the  fornices  are  prominent  and  abruptly  truncate  at  the 
tip,  the  eye  is  small,  the  pigment  fleck  also  small;  antennules  short. 
The  post-abdomen  is  of  moderate  size,  narrowed  toward  the  end 
and  armed  with  about  ten  powerful  curved  spines;  the  terminal 
claw  itself  is  large  and  curved,  armed  only  with  fine  spines  extend- 
ing down  the  entire  inner  side.  The  size  is  0.8 — 1.0  mm.;  color 
pinkish,  opaque;  antennae,  especially,  often  bright  pink.    Male  0.6 
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mm.,  fiagellnm  of  the  male  aniennse  long;  sensory  filaments  lateral, 
also  one  anterior,  lateral  flagellum. 

Distingaished  from  C.  qaadrangula  by  the  prominent  fornices, 
large  anal  ^spines,  small  reticulations,  form  of  head  and  larger  size 

A  small  variety  resembling  the  above  very  closely  is  the  com* 
monest  form  in  oar  larger  lakes;  the  reticulation  is  commonly 
larger  but  less  distinct,  the  head  is  depressed  and  narrowed,  with  a 
sinuous  upper  outline.  The  fornices  are  prominent  and  the  form 
of  the  post-abdomen  is  exactly  as  in  the  last.  The  spines  of  the 
post-abdomen  are  very  long  and  seated  on  small  eminences.  The 
length  hardly  exceeds  .55  mm.  The  claw  is  densely  ciliated,  but 
not  spined;  these  smaller  forms  have  but  few  eggs  (two).  The 
young  have  a  thorn  on  the  angle  of  the  fornices.  Plate  J.  Fig.  1 
represents  the  ephippial  female  of  this  species.  There  seems  no 
reason  to  doubt  that  this  is  only  a  variety  of  G.  scitula.  The  small 
form  of  G.  reticulata  mentioned  by  Kurz  might  be  referred  here, 
while  the  larger  form  with  less  prominent  fornices  is  not  so  diffier- 
ent  from  the  American  G.  dentata. 

Sp.  13.    Ceriodaphnia  nitida,  Sch<.edler. 

Cariodaphnia  quadrangula,  J.jEYDIO. 

This  species  seems  to  be  characterized  by  the  quadrangular  form 
of  the  meshes  of  the  shell-markings  and  the  presence  of  teeth 
upon  the  claws, 

Sp.  14.    Ceriodaphnia  textilis,  Dana. 

This  species  is  not  sufficiently  fully  figured  to  allow  of  a  sug- 
gestion as  to  its  affinities. 

Daphnia  rotundatay  Say,  is  very  probably  a  member  of  this 
genus,  though  the  description  is  hardly  intelligible.  ^^Body 
rounded  behind;  upper  antennae  three-brancbed,  a  small  spine 
above  at  the  joints;  lower  five-branched;  color  white.  Length  0.5." 
It  is  probable  that  we  should  read  ^'upper  branch  of  antennae  with 
three  setae",  etc.,  in  which  case  we  may  identify  the  above  with 
Ohydorus  or  the  like. 

III. — Genus  Scapholebebis. 

The  genus  Scapholeberis  stands  rather  closely  related  to  Gerio- 
daphnia,  from  which  it  is  at  once  distinguished  by  the  angled  or 
spined  lower  posterior  angle  of  the  shell.      The  head  is  rather 
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clumsy,  and  the  contiauation  of  the  fornices  runs  toward  the  apex 
of  the  incurved  beak,  which  commouly  lies  within  the  valves  of  the 
shell.  The  lower  anterior  angle  has  a  prominence  and  there  is  a 
basin-shaped  area  inclosinic  the  base  of  the  antennas,  part  of  which 
lies  on  the  shell  and  part  on  the  head.  This  area  is  more  strongly 
lined  or  reticulated  than  the  rest  of  the  shell.  The  lower  margin 
is  straight  and  terminates,  in  most  forms,  in  a  long  scythe-shaped 
spine  which  is  directed  backward.  The  shell  itself  is  usually  indis-- 
tinctly  reticulate  or  unmarked,  and  commonly  is  deep  colored.  The 
post-abdomen  is  very  like  Ceriodaphnia  or  more  as  in  Simocephalus; 
the  anal  spines  are  few  and  the  older  specimens  have  more  than  the 
young;  the  place  at  which  additional  spines  are  to  appear  is 
marked  by  prominences.  The  eye  is  of  moderate  size,  the  pig- 
ment fleck  rather  small  and  the  antennules  short  and  hidden  by  the 
beak.  The  antennae  are  of  small  size  and  generally  dark  colored. 
The  ephippium  contains  but  one  egg;  the  males  do  not  have  al- 
tered antennae  or  feet.  The  sexual  periods  fall  in  early  summer 
and  in  autumn,  according  to  Weismann;  the  males  appear  but 
sparingly.  The  species  S.  mucronata  is  very  abundant  every- 
where, while  the  others  are  less  frequently  seen. 

Sp.  1.    Scapholeberis  mucroiiata,    Maeller. 
(Plate  J.    Fig.  5.) 

Daphnla  mueronaia,       MUBLLSB,  LbivIIT,  LilljsbORQ,  FiflCHRB,  Lktdio,  BAIRD, 

Hbbbigk. 
5oapAo<06«r{ffmtteronala,8CHOxuLBB.     P.   £.  Mubllbb,  Kubz,    Wbtbmanv,  Bikqb^ 

Hbbbigk. 

This  well-known  species  with  rather  short  spines  below  is  found 
abundantly  everywhere.  In  this  country  at  least  it  is  character- 
ized by  a  dark  color.  The  head  is  large,  rounded  in  front  of  the 
large  eye,  serrate  below  and  extending  posteriorly  into  a  roundish 
beak,  back  of  which  are  the  short  antennules.  The  fornices  are 
very  short  and  rounded;  a  line  connects  the  fornices  with  the  beak 
by  a  sudden  deflection  downward;  it  sets  off  the  area  which  forms 
a  part  of  the  basin  of  the  antennsB.  A  second  line  springing  from 
just  above  the  termination  of  the  fornices  passes  over  the  eye  by  a 
broad  curve.  The  post-abdomen  is  truncate  and  bears  beside  the 
terminal  claws  four  or  more  spines  which  rapidly  decrease  in  size. 
The  claws  are  minutely  spined;  the  spines  on  the  shell  are  of  vari- 
able length,  but  do  not  exceed  one-fourth  the  length  of  the  re- 
mainder of  the  lower  margin.  This  species  ranges  over  all  Europe 
and  eastern  United  States. 

Length  0.6  mm, — 0.8  mm. 
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Sp.  2.    Scapholeberis  comuta,  Schcedler. 
(Plate  T.    Pig.  6.) 

Monoevltu  htapinotus,  DsGiClR. 

Daphnia  mueronata^  v€ur.  aeuU  roalraia.  Baibo. 

<Seaf)^oIc66rig  mtienmote,  wir./hnite  Mrmcte,  P.  E.  MlTBLUBB. 

This  species  differs  from  the  above  only  in  having  a  sharp  carved 
horn  on  the  head  in  front  of  the  eye.  The  use  of  this  appendage- 
can  only  be  conjectured;  but  it  may  be  that,  like  the  curved  beak 
of  Ripophilup,  it  serves  to  clear  away  rubbish  in  the  filth  in  which 
these  animals  frequently  live.  This  form,  be  it  variety  or  species^ 
is  not  known  in  America. 

Sp.  3.    Scapholeberis  armata,    (Herrick.) 
(Plate  B.    Figs.  10-11.) 

SoapholdterU  fnuenmata,  var.  armaia,  Hjulbigk. 

A  very  beautiful  and  unique  species,  which  possesses  the  extreme- 
development  of  the  peculiarities  ot  the  genus.  The  head  is  shaped 
very  much  as  in  the  previous  species,  the  foroiz  is  squarish,  the- 
basin  for  the  antennae  is  small.  The  upper  lines  from  the  fornix 
meet  behind  the  eye;  the  form  of  the  shell  is  as  in  the  above,  but 
the  spines  upon  the  lower  margin  are  longer.  The  scythe-like- 
spine  on  the  lower  angles  of  the  valves  is  extremely  long,  falling 
little  short,  in  extreme  cases,  of  being  as  long  as  the  entire  lower 
margin,  in  others  about  one-half  as  long«  There  are  the  usual 
lines  parallel  to  the  lower  edge  of  the  shell.  The  specimens  hav- 
ing the  longest  spines  were  tbund  in  fresh  water  about  Mobile^ 
Ala.,  but  the  species  occurs  in  Minnesota  and  intermediate  points,, 
though  sparingly* 

Sp.4;    Scapholeberis   nasuta,  Birge. 

Form  much  as  in  the  last,  head  shorter,  ^^prolonged  into  a 
rather  sharp  beak,  at  whose  apex  the  continuations  of  the  fornice» 
unite.  The  beak  does  not  project  downward  as  in  S.  mucronata, 
but  backward,  and  in  its  natural  position  lies  between  the  valves/^ 
The  usual  reticulated  and  lined  areas  are  present  and  the  balance  of 
the  shell  is  covered  with  '^small  pointed  projections/^  ^The  anten- 
nules  are  much  larger  than  in  B.  mucronata,  -  though  they  do  not 
project  beyond  the  rostrumi'^  The  pigment  fleck  is  long  and 
large;  the  post-abdomen  is  much  as  in  the  preceding  species;  the 
terminal  claws  have  several  fine  teeth.    The  males  have  the  open- 
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ing  of  the  vas  defereDS  close  behind  the  terminal  claws;  mucro 
short  and  blunt,  length  1  mm.  This  species  is  very  near  the  next, 
bat  differs  in  several  particulars.  It  forms  the  transition  to  the 
next,  which  is  the  extreme  of  the  genus  in  a  direction  converse  to 
that  pursued  by  the  S.  armata. 

Sp,  5.    Scapholeberis  angulata,    Herrick. 

(Plate  B.    Fig.  9.         Plate  T.    Fig.  7.) 
American  Naturalist,  188J. 

Form  as  in  the  above,  but  comparatively  larger;  valves  quadran- 
gular, anterior  margin  strongly  arched;  head  short,  only  slightly 
concave  below  the  eyes;  the  beak  is  as  in  S.  nasuta,  but  seems  to 
be  directed  more  nearly  directly  downward  than  in  that  species. 
The  anteunules  are  long  and  resemble  those  of  Simocephalus,  The 
pigment  fleck  is  square  and  rather  large;  the  antennae  are  of  the 
usual  size.  The  reticulated  araas  are  as  in  the  other  species.  The 
post-abdomen  is  more  as  in  Daphuia,  not  so  squarely  truncate  and 
with  five  to  seven  large  teeth;  the  first  foot  has  one  elongated 
jointed  seta;  the  posterior  angle  of  the  shell  hiis  no  spine,  at  most 
there  is  a  somewhat  prominent  acute  angle,  the  inner  shell  layer 
is  armed  at  this  point  with  some  elongated  teeth  as  in  the  corres- 
ponding situation  in  Simocephalus.  On  the  whole,  there  is  a 
similiarity  to  that  genus  in  this  as  well  as  in  the  previous  species. 
S.  nasuta  has  a  short  spine  and  elongated  pigment  fleck;  the  pres- 
ent species  has  a  squarish  but  rather  large  fleck  and  no  spine;  the 
post-abdomen  has  a  greater  number  of  spines  than  any  other 
species.     South  of  Tennessee  river,  in  Alabama  and  Mississippi. 

The  species  of  this  genus  are  predominatingly  American,  four 
out  of  the  five  being  found  in  the  United  States;  the  fifth,  more* 
over,  is  more  often  regarded  a  variety  of  one  of  the  others;  in  fact, 
the  absence  of  S.  cornuta  from  America  is  one  of  the  most  impor- 
tant supports  of  the  specific  independence  of  the  two  forms.  All 
the  species  delight  in  disporting  themselves  near  the  surface  in 
sunny  weather. 

IV. — Genus  Simocephalus. 

Although  a  very  well  circumscribed  group,  this  genus  passes 
into  the  next  rather  directly  by  means  of  S.  macrothroides.  The 
connection  on  the  other*hand  seems  to43e  by  .the  way  of  Scaphole- 
beris, though  there  is  a  rather  broad  separation  between  even 
Scapholeberis  angulata  and  any  known  Simocephalus.     The  en- 
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larged  spines  near  the  angle  of  the  shell  and  the  form  of  the  an- 
tennules  as  well  as  some  other  points,  show  a  transition  through 
that  species  toward  the  present  genus.  The  general  form  is  quad- 
rate with  the  lower  posterior  margin  sinuate;  in  young  specimens 
the  shell  is  nearly  a  perfect  rectangle.  The  upper  margin  is  pro- 
duced more  or  less  at  the  point  of  union  with  the  free  posterior 
margin  and  the  shell  is  either  arched  or  very  abruptly  angled 
above  the  prominence  in  old  females.  The  head  is  produced  into 
a  projection  at  the  eye  while  the  beak  proprr  is  between  the  ante- 
rior margins  of  the  valves;  the  pigment  fleck  is  rather  large  and 
variously  shaped.  The  fornices  are  larger  than  in  Scapholeberis 
and  ox  tend  to  the  front  of  the  head  over  the  eyes;  the  antennules 
have  a  lateral  flagellum  which  is  large  and  lance-shaped.  The 
post-abdomen  varies  very  little  in  shape;  it  is  truncate  and  exca- 
vated below  and  very  broad.  The  anal  teeth  are  few,Iarge,curved» 
pectinate;  the  claws  are  straightish  and  pectinate  or  spined;  the 
labrum  is  shaped  as  in  Daphnia;  the  anterior  part  of  the  stomach 
has  the  usual  caeca. 

The  members  of  this  genus  are  among  the  most  abundant  and 
conspicuous  of  the  family  and  are  more  persistent  during  the 
changing  seasons  than  any  other  form.  S.  vetulus,  the  common- 
est species,  stands  in  the  centre  of  the  genus,  while  two  extremes 
are  expressed  by  the  other  members  of  the  group. 

The  winter  or  sexually  produced  eggs  are  lodged  in 
an  ephippium  or  saddle-like  modification  of  the  shell,  which  is 
finely  reticulate;  while  the  shell  is  usually  marked  by  finejanasta- 
mosing  lines  which,  in  some  species,  show  clearly  their  derivation 
from  a  rather  fine  hexagonal  marking. 

The  sexual  periods,  when  males  are  produced,  occur  in  autumn 
and  spring.  The  mates  have  few  distinguishing  characteristics^ 
the  form  being  that  of  the  young  female. 

The  opening  of  the  vasa  differentia  is  back  of  the  anus,  hence 
these  ducts  cross  the  course  of  the  intestine.  They  have  ejacula- 
tory  muscles  about  the  lower  part.  The  smaller  species  are  fre- 
quently deeply  colored  with  pink,  purple  and  brown  fatty  deposits 
and  the  markings  are  more  conspicuous  than  in  the  American 
Eurycercus,  which  is  itself  often  brightly  spotted  with  blue  or  pur- 
ple. The  aspect  in  the  water  is  between  that  of  Eurycercus  and 
Daphnia. 

The  fir^t  mention  made  of  any  member  of  this  genus  in  America  is 
Say's  description,  repeated  in  Dekay's  Crustacea  of  New  York,  of 
Daphnia  angulata.    This  description  which  follows  is  quite  suffi- 
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«ieiit  to  identify  the  genus,  and  indeed  to  indicate  that  either  S. 
americanus  or  a  related  form  is  intended,  but  it  is  hardly  compe- 
tent to  alter  names  the  significance  of  which  is  quite  clear. 

^^Sides  striate  with  numerous  parallel  minute  oblique  lines;  hind 
•edge  of  the  body  with  a  prominent  angle  in  the  middle.  Antennae 
with  four  filaments  on  the  upper  and  five  or  the  lower  branch. 
Color  white  or  red.  Length  0.1;  stagnant  water  in  the  forests  of 
the  Southern  States.'^ 

Sp.  1.    Simocephalus  vetuloSy  Mueller. 

Daphnia  vUula,  BAlBXy,  USRaiGK. 

Daphnia  aima,  Muellsb,  LaTBBILLK,  Bosg,  Kamdohr,  GBUITH0I8BK,  Dbsmarrst 

Lamabck,  M.  Edwards,  Koch,  Gm&lxn,  Ma»cbl,  Jubinb,  Lil* 

ljbbobo,  Lbtdio. 

Simoeephalfu  vettdua,  Sghobdlbb,  P.  E.  Mubllbb,  Kubz,  WbismaNV,  CLAUa,  LUTZ. 
BIKGB. 

This  commonest  and  one  of  the  largest  species  is  apparently  dis- 
tributed over  the  northern  hemisphere  and  abounds  in  all  the 
more  shallow  lakes.  The  head  is  rounded  in  front  and  is  not  an- 
gled between  the  prominence  of  the  eye  aad  the  beak.  The  body 
is  very  large  and  not  abruptly  angled  above,  the  spine  of  the  shell 
being  inconspicuous  and  high,  so  that  the  free  posterior 
•edges  of  the  shell  lack  little  of  equalling  the  greatest  hight  of 
the  shell.  The  shell  is  covered  with  minute  dense  striations  which 
spring  from  the  free  edges.  The  pigment  fleck  is  elongated  in  old 
specimens  and  the  upper  angle  follows  up  beside  the  suture  sepa- 
rating the  antennary  basin  from  the  rest  of  the  shell  of  the  head. 
The  antennules  are  ornamented  with  minute  spines.  At  the  lower 
■angle  of  the  shell  are  three  curved  spines  which  differ  from  the 
preceding  filaments.  The  number  of  eggs  which  are  produced 
at  once  is  truly  immense.  Under  favorable  circumstances  this 
species  reaches  a  large  size,  falling  little  if  any  short  of  3  mm.  S. 
vetulus  lives,  by  preference,  among  the  leaves  of  aquatic  vegeta- 
tion. With  us  this  species  seems  to  live  in  the  smaller  pools  as 
well  as  in  lakes  of  some  size.  I  am  not  able  to  see  any  difference 
in  this  respect  between  the  various  species. 

Sp.  2,    Simocephalus  serrulatus.  Kcch. 

Daphnia  Mrrutaia,  KoCH,  LlBVIN.  FI8CHKB,  LiLLJEBOBO. 
Simoeephalui  9emdatu$,  Lryt>jq,  Scuokdlbb,  P.  E.  MUBIXEB,  KuBZ. 

Head  narrow,  extending  anteriorly  into  a  sharp  spiny  angle  in 
front  of  the  eye.  Dorsal  line  of  the  shell  abruptly  angled  or 
curved  posteriorly,  projecting  to  form  a  broad  obtuse  spine  behind; 
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this  spine  is  serrate  with  sharp  teeth  and  lies  somewhat  above  the 
middle  of  the  hight  of  the  animal,  so  that  the  free  posterior  mar- 
gins of  the  shell  fall  much  short  of  reaching  the  greatest  hight 
of  the  she]].  Post-abdomen  of  the  usual  form,  with  the  claws 
armed  with  two  series  of  spines  or  bristles,  the  outer  beiug  much 
the  larger;  anal  teeth  curved  or  angled,  dentate;  pigment  fleck  tri- 
angular or  rhomboidal.    Length  2.0  mm.,  2.5  mm. 

I  am  not  sure  that  the  three  following  species  are  more  than 
varieties;  the  first  in  particular  is  very  close  to  the  European  type 

Sp.  3.— Simocephalus  congener,  Birge. 

My  own  observations  of  this  form  made  throughout  the  Missis- 
sippi valley  are  not  in  complete  accord  with  the  description  of 
Birge,  but  it  seems  improbable  that  there  is  any  mistake  in  the 
identification.  The  very  generally  distributed  form  on  which  this 
'Species  rests  is  subject  to  marked  variations  within  certain  limits. 
This  species  differs  from  S.  serrulatus  in  the  following  points. 
The  head,  although  prominent  and  spiny  near  the  eye,  is  not  an- 
gled between  this  prominence  and  the  beak;  in  fact,  it  is  either 
straight  or  simply  curved.  The  pigment  fleck  is  usually  rhom- 
boidal and  only  occasioually  oval,  triangular  or  irregular.  In 
other  respects  the  agreement  is  rather  close;  the  terminal  claws 
have  two  series  of  spines,  one  of  which  is  larger  (not,  as  said  by 
Birge,  equal);  the  outer  series  is  not  so  much  larger  as  in  S.  restra- 
ins, but  not  nearly  as  inconspicuous  as  in  S.  vetulus.  The  termi- 
nal claws  are  rather  evenly  curved.  This  species  is  frequently  col- 
ored with  pink  or  brown  markings.  In  old  females  the  back  is 
squarely  angled  above,  forming  a  pocket  for  the  eggs.  The  size 
falls  short  of  that  of  the  last  species.  I  have  found  this  species  from 
the  gulf  of  Mexico  to  Minnesota. 

Sp. 4.— Simocephalus  rostratus.  (Sp.  o.) 

This  form  is  of  the  size  and  color  of  S.  americanus,  and  approaches 
nearest  to  Schodler^s  S.  expinosus  in  general  characters.  The  back 
is  arched  above  but  not  abruptly  angled;  the  spine  is  as  in  S.  amer- 
icanus  but  not  so  low.  The  free  posterior  shell  margins  are  some- 
what shorter  than  the  greatest  hight  of  the  shell.  The  head  is 
produced  below  the  eyes  in  an  angle  like  a  right  angle,  which  is 
not  spiny.  The  lower  margin  of  the  head  is  excavated  to  form  a 
right  angle,  and  in  front  of  the  smooth  antennules  forms  a  very 
l)rominent  beak,  beyond  which  the  antennules  reach  but  a  short 
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distance.  The  terminal  claws  of  the  post-abdomen  are  straightisb 
and  are  more  heavily  spined  than  in  the  preceding;  the  anal  spinea 
are  doubly  curved  or  geniculate.  The  pigment  fleck  is  rhomboid 
or  pentagonal;  the  antennules  are  smooth.  The  abdominal  pro- 
cesses differ  somewhat  from  the  previous  species,  in  which  the  second 
one  is  rounded  above,  for  in  this  it  is  squarely  truncate.  This 
species  was  found  only  in  shallow  pools  at  Ocean  Springs,  Missis- 
sippi, and  was  very  carefully  compared  with  S.  americalius  which 
is  also  found  there. 

Sp.  5.    Simocephalus  exspinosuSy  Koch. 

Head  extending  into  an  obtuse  angle  at  the  eye,  pigment  fleck 
rhomboidal.  Shell  without  a  spine;  maximum  hight  of  the  shell 
greater  than  that  of  the  free  posterior  margin.  Caudal  claws  with 
an  unequal  series  of  spines;  anal  spines  evenly  curved.  There  is 
little  to  distinguish  the  above  from  this  species  save  the  geniculate 
anal  spines  and  the  presence  of  a  blunt  spine  on  the  shell. 

Yar.  congener,  Schoedler, 
has  the  lower  outline  of  the  head  sinuate  instead  of  angled. 

Sp.  6.    Simoeephalus  daphnoides,  Herrick. 

American  Naturalist,  1883. 

A  curious  transition  form,  found  only  south  of  the  Tennessee 
river,  was  described  in  the  American  Naturalist  in  May,  1883,  under 
this  name.  By  an  oversight  a  comparison  made  with  S.  americanus 
appeared  as  though  made  with  S.  vetulus.  The  general  shape  i» 
oval;  the  greatest  hight  of  the  valves  lies  near  the  middle  and  not 
posterior  to  it  as  in  all  the  other  species.  The  head  is  short,  de- 
pressed, rounded  in  front;  the  beak  is  wanting;  the  lower  margin 
of  the  head  is  straight.  The  pigment  fleck  is  small,  oval  or  irreg- 
ular: the  fornices  are  small  and  short.  The  antennules  are  smooth. 
The  post-abdomen  is  narrow,  shaped  more  as  Jn  Daphnia;  the 
terminal  claws  are  straightish  and  fringed  part  way  with  spines; 
the  anal  spines  are  slightly  curved.  The  processes  of  the  abdomen 
are  long,  as  in  Daphnia.  The  shell  is  covered  by  the  characteristic 
striations  and  extends  into  a  blunt  spine.  In  every  detail,  alniost« 
there  is  an  approach  toward  the  genius  Daphnia,  while  the  general 
result  is  sufiiciently  like  Simoeephalus,  The  lower  angle  of  the 
shell  is  not  armed  with  the  peculiar  curved  spines  as  in  all  the  other 
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species.  This  species  becomes  over  1-10  inch  loDg.  In  such  old 
individuals  the  spine  is  nearly  midway  of  the  hight. 

One  could  wish  a  trifle  closer  link  to  Scapholeberis  than  that  furn- 
ished by  S.  angulata;  but,  on  the  whole,  the'position  of  this  genus 
can  not  well  be  called  in  question.  America  has  four  species  out 
of  the  six  known  and  but  one  of  these  certainly  identical  with  the 
European,  though  others  are  probably  too  closely  related. 

NoTS.->On  p.  47  read  S,  Amerieamu,  Blrge,  not  8,  Congefier, 

V.  Genus  Daphnia. 

Long  considered  the  type  of  the  family,  this  genus  is  most  fre- 
quently seen,  or,  at  least,  is  more  conspicuous  than  any  other 
group.  It  has  already  been  pointed  out  that  the  forms  here 
united  are  the  extreme  development  of  a  diverging  line.  Simoceph- 
alus  is  the  link  connecting  it  with  the  typical  forms  of  the  fam- 
ily. As  might  be  expected,  this  genus  presents  more  puzzling 
problems  than  any  of  the  others.  It  contains  more  peculiarities 
of  structure  and  diversities  of  habit  and  development  than  any 
other  of  the  genera.  Here  the  sexual  differences  are  most  inter- 
esting. The  young  are  hatched  with  a  pendant  appendage  at- 
tached to  the  upper  posterior  angle  of  the  shell,  which  soon  be- 
comes the  rigid  spine  characteristic  of  the  younger  stages  and 
males  of  the  genus.  The  females  almost  immediately  after  birth 
commence  the  production  of  eggs  by  an  asexual  process.  Gro  ups  of 
epithelial  cells  containing  four  each  are  formed  and  one  of  the 
cells  of  each  group  develops  at  the  expense  of  the  others,  forming 
the  egg.  Many  such  eggs  are  laid  simultaneously  and  deposited  in 
the  cavity  between  the  shell  and  the  dorsal  part  of  the  animal. 
The  eggs  are  prevented  from  escaping  by  means  of  three  long  pro- 
cesses, of  which  the  first  is  much  the  larger  and  curves  forward. 
At  stated  periods  in  spring  and  autumn  the  males  appear;  the  fe- 
males of  the  generation  in  which  occur  the  males  have  a  tendency 
to  produce  eggs  of  a  different  sort  charged  with  a  different  mis- 
sion. At  the  same  time  the  upper  portion  of  the  shell  (that  sur- 
rounding the  brood  cavity)  becomes  finely  reticulated  and  pigment 
is  deposited  between  its  layers.  This  ephippium,  as  it  is  called,  in 
allusion  to  its  saddle-like  form,  is  the  case  in  which  the  winter  egg 
is  to  pass  the  period  of  cold  or  drought  which  is  to  follow.  The 
method  of  the  formation  of  the  ephippium  is  obscure  and,  in 
spite  of  the  investigations  of  Lubbock  and  Smitt,  considerable  re- 
mains to  be  learned  with  reference  to  this  interesting  modification 
of  the  shell.  Some  rather  careful  study  has  been  devoted  to  this 
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subject  by  the  writer,  but  it  was  unfortunately  interrupted  before 
completion.  The  most  promising  method  of  persuing  the  investi- 
gation is  that  of  sectioning  ephippial  females  in  various  stages 
with  the  microtome.  A  preparation  of  soap  was  employed  with 
partial  success  as  a  medium  for  embedding,  and  figures  of  some  of 
the  many  sections  made  are  drawn  on  plate  P.  Figure  10  is  a  ver- 
tical section  through  the  middle  of  an  ephippium  which  has  been 
cast  off.  The  outer  and  inner  shell  layers  are  distinct  and  one  of 
the  eggs  is  divided  in  the  middle.  No  pigment  or  protecting  ma- 
terial was  deposited  in  this  case,  which  is  the  simplest  possible. 
Fig.  9  represents  a  section  just  back  of  the  head;  it  passes  diagon- 
ally, severing  the  heart  longitudinally  (h).  The  intestine  (a),  the 
ovaries  (g),  the  mandible  (m),  tlie  labrum  (I),  and  certain  suspen- 
sorial  muscles  (?)  are  seem  in  situ.  Only  a  portion  of  the  ephip- 
pium is  cut  and  the  double  layers  enclose  a  large  mass  of  protec- 
tive matter.  Fig.  8  is  a  vertical  section  through  the  middle  of  the 
animal,  and  the  usual  form  of  the  ephippium  is  seen  with  its  large 
amount  of  protective  matter  obscuring  all  else.  Fig.  7  is  a  longi- 
tudinal section  of  an  ephippium  similar  to  that  seen  in  Fig.  10.  It 
i^  hoped  to  present  at  some  more  appropriate  time  a  fuller  account 
of  the  formation  and  process  of  moulting  this  saddle. 

Dbvelopmbnt  of  Daphnia. 

Although  the  careful  researches  of  Glaus  and  Qrobben  have  ad- 
ded much  to  our  otherwise  rather  meager  knowledge  of  the  develop- 
ment of  the  cladocera,  there  still  remain  many  interesting  points, 
particularly  with  reference  to  the  individual  species,  which  merit 
careful  study. 

The  following  observations  relate  to  the  single  species  (D. 
schffifferi)  which  was  available  during  a  short  stay  in  Leipzig: 

The  winter  eggs  of  D.  schaefferi  are  two  in  number  and  are 
lodged  in  the  well  known  manner  in  an  ephippium. 

The  shape  of  these  eggs  is  sharply  ovoid,  there  being  no  distin- 
guishable difference  between  the  two  ends.  The  position  in  the 
ephippium  is  not,  as  might  be  expected,  with  the  longer  diameter 
paralled  to  the  axis  of  the  body,  but  the  posterior  end  is  slightly 
elevated.  This  is  undoubtedly  due  to  frequent  elevation  of  the 
abdomen  between  the  valves  during  the  extrusion  of  the  eggs. 

The  color  is  dark  green  and  the  only  protection  as  the  egg  leaves 
the  ovary  is  a  thick,  tough  shell  which  is  at  first  so  soft  as  to  be 
susceptible  to  pressure.  It  is  thus  rt^ticulated,  apparently  through 
the  simple  pressure  of  the  walls  of  the  ephippium. 
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The  length  is  0.43  mm.;  width  .33  mm.  in  the  average,  though 
eggs  were  occasionally  found  of  an  elongated  form,  measaring  .48, 
«31  mm.  The  contents  of  the  egg  consist  of  spheres  of  greenish 
plasma  of  various  sizes  and  fat  or  oil  drops.  These  oil  globules  are 
not  very  numerous  as  compared  with  those  of  the  summer  egg^^ 
and  likewise  never  attain  the  dominant  size  seen  in  the  latter. 
The  various  forms  assumed  by  the  plasma  balls  are  perplexing  but 
frequently  result  from  the  action  of  external  agents.  The  cleavage 
stage  was  not  seen,  and  if  actual  segmentation  takes  place,  it 
must  be  inconspicuous  as  would  be  expected  from  the  large  quan- 
tity of  yolk  present.  The  differentiation  of  the  blastoderm  occurs 
very  early,  perhaps  in  the  ovary  itself,  and  the  result  is  a  tolerably 
uniform  layer  of  prismatic  cells.  The  egg  now  comes  to  a  period 
of  repose  after  the  blastoderm  has  produced  a  second  external 
envelope  apparently  by  simple  secretion. 

This  envelope  consists  of  a  fine  structureless  membrane.  The 
egg,  under  ordinary  circumstances,  remains  dormant  during  the 
winter  in  this  most  favorable  stage.  The  reason  for  which  is  evi- 
dently the  fact  that  the  differentiation  has  proceeded  to  the  extent 
of  producing  the  greatest  number  of  protective  layers  without 
materially  increasing  the  complexity,  and  thus  the  sensitiveness,  of 
the  organism.  Under  favorable  circumstances  the  development 
proceeds  farther  and  near  one  pole  appears  a  slight  indenture  of 
the  surface  which  grows  deeper  and  seems  to  form  a  true  invagina- 
tion. This  blastopore,  if  such  it  really  be,  remains  for  some  time, 
generally  till  the  two  "  scheitel "  plates  appear.  These  *'  scheitel- 
platte  "  are  formed  by  a  simultaneous  thickening  and  lengthening 
of  the  cells  of  limited  Ureas  on  opposite  sides  of  the  egg^  near  the 
opposite  pole  from  that  occupied  by  the  blastopore.  The  ''scheitel- 
platte''  are  situated  at  right  angles  to  a  plane  perpendicular  to  the 
blastopore.  The  nuclei  of  the  cells  of  the  '^scheitel platte^*  are 
nearly  .0208  mm.  in  diameter,  while  those  of  the  other  blastoderm 
cells  are  about  half  that  size. 

-  The  egg  remains  a  long  time  in  this  stage,  while  the  following 
stages  are  passed  through  quite  rapidly  till  the  embryo  assumes  its 
nauplius  form.  The  remainder  of  the  development  agrees,  so  far 
as  seen,  quite  fully  with  that  of  the  summer  eggs^  to  which  we  will 
now  return. 

The  summer  eggs  vary  greatly  in  size  and  number,  but  are 
nearly  as  large  as  the  winter  eggs.  The  number  is  sometimes  re* 
duced  to  two  or  three  or  rises  to  as  many  as  fifteen  or  even  more. 
In  color  the  eggs  also  vary  from  green  to  brown.    The  fresh  egg 
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consists,  as  the  winter  egg^  of  two  sorts  of  yolk  spheres.  The 
plasma  or  formative  yolk  contains  colored  globules  of  rather  small 
size^  distributed  throughout  the  whole  of  the  mass  quite  uniformly. 
The  food  yolk  or  oil  globules  assort  themselves  in  two  sizes;  ilrst^ 
a  feV  (generally  three)  very  large  oil  drops,  which  persist  through- 
out the  ealier  stages  of  the  embryo;  second,  smaller  globules  of  ap- 
parently the  same  character,  which  are  quite  numerous  and  form  a 
very  considerable  part  of  the  contents  of  the  egg^  In  an  egg  of 
about  .35  mm.  in  diameter,  the  largest  of  the  smaller  size  of  oil 
drops  measured  .029  mm.  while  the  larger  three  exceeded  .060  mm. 
The  oil  drops  are  distinguishable  by  their  light  refractive 
power,  pellucidity  and  the  intense  dark  brown  or  black  color  assum- 
ed when  treated  with  osmic  acid.  The  latter  reagent  affects  the 
formative  yolk  but  slightly.  It  will  be  seen  that  though  the  sum- 
mer egg  is  nearly  as  large  as  the  "^dauerei"  in  some  cases^ 
yet  the  relative  amount  of  formative  yolk  is  more  diverse  than  at 
first  appears. 

The  great  similarity  between  the  two  sorts  of  eggs  in  Daphnia 
schaefferi  is  throughout  striking  as  compared  with  Moina,  the  only 
one  of  the  DaphnideB  the  development  of  which  is  fully  studied. 
In  the  summer  eggs  I  have  not  been  able  to  see  the  complete  seg- 
mentation described  for  Moina.  The  following  stages  are  much 
as  described  by  Grobben.  An  invagination  occurs  and  a  median 
swelling  appears  on  the  ventral  aspect  of  the  egg. 

Labrum  and  second  antennae  bud  out  and  are  soon  followed  by 
the  antennae,  mandibles  and  two  pairs  of  maxillae,  after  which  the 
five  pairs  of  feet  soon  appear.  In  an  early  ^age  there  is  present  a 
basal  palpus  to  the  second  antennae,  a  fact  not  before  observed,  and 
this  persists  as  the  small  two-bristled  wart  found  on  the  basal  joint 
of  the  antenna.  It  is  a  conspicuous  object  in  the  embryo  and  ia 
thus  a  true  embryonic  organ. 

The  eyes  of  the  embryo  appear  as  two  separate  pigmented  flecks 
which  approximate  and  are  covered  with  an  oval  refractive  body, 
which  later  is  penetrated  by  the  pigment  and  divides  to  form  the 
small  lenses.  Soon  after  this  the  shell  grows  over  the  eye  as  de- 
scribed for  Moina. 

The  first  indication  of  the  shell  appears  as  two  folds  of  the  max- 
illary region  of  the  back,  being  thickest  laterally.  These  grow 
forward  and  backward  to  form  the  cephalic  and  body  shield.  At 
a  little  later  stage  there  appears  a  very  interesting  modification  of 
the  shell  which  stands  in  close  relation  to  the  growth  of  the  brood 
sac.    A  slight  protuberance  appears  on  the  margin  of  the  shell  in 
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the  median  dorsal  line  and  extends  toward  the  abdomen.  It 
grows  much  more  rapidly  than  the  other  parts  of  the  shell  and,  in 
a  later  stage,  forms  a  comparatively  enormous  tail,  which  curves 
under  the  animal  between  the  shell  valves  which  now  extend  be- 
yond the  body.  This  "tail"  extends  well  along  the  ventral  mar- 
gin of  the  shell  and  reminds,  by  its  position,  of  the  tail  of  a  fright- 
-ened  do/i:.  The  true  tail,  or  post-abdomen,  is,  in  the  meanwhile, 
well  developed  and  is  constantly  kicking  the  useless  protuberence 
of  the  shell  upwards.  As  the  animal  leaves  the  egg  this  projec- 
tion becomes  straightened  as  in  the  young  D.  pulex,  finally  be- 
<;oming  the  still  considerable  spine,  though  it  is  proportionately 
much  shorter  than  in  the  embryo.  The  spine  becomes  shorter 
Tvith  successive  moults  and  the  mature  form  has  only  a  slight 
rounded  knob  in  place  of  a  spine  more  than  half  the  length  of 
the  body. 

The  use  of  the  long  spine  in  the  young  Daphnia  is  a  matter  of 
interest.  Its  length  agrees  pretty  well  with  that  of  the  brood 
<cavity  and  it  seems  possible  that  it  serves  to  prevent  the  shell 
from  bending  abruptly  down  ,when  it  is  only  partially  removed 
during  the  moult  and  thus  breaking  oS  and  so  leaving  a  portion 
of  the  clothing  of  the  brood-cavity  therein  to  become  a  source  of 
irritation.  This  is  more  necessary  for  the  young  since  the  brood 
•cavity  is  narrow  and  the  shell  weak,  so  that  while  the  outer  shell 
is  removed  like  a  glove  from  the  finger,  it  can  not  be  pulled  up- 
ward Of  downward,  but  directly  backwards.  It  is  well  known  that 
male  Daphnise  often  have  the  spine,  while  the  females  may  have 
none,  and  here  again  it  is  possible  that  the  narrower  cavity  over 
the  abdomen  requires  this  assistance,  while  this  is  not  the  case 
with  the  females. 

The  shell  gland  is  early  formed  and  the  branchial  lamellae  of  the 
feet  appear  almost  simultaneously  with  the  feet  themselves  as 
•distinct  lobes.  The  branchial  chamber  is  not  a  simple  chamber,  but 
is  essentially  a  curved  tube  as  can  be  very  well  seen  in  the  last  foot 
of  the  adult.  This  tube  doubles  upon  itself  and  crosses  in  the 
manner  of  a  loop  and  a  constant  stream  flows  rapidly  through  it. 

The  nervous  system  is,  at  first,  paired  from  beginning  to  end 
And  first  unites  anteriorly,  the  ocular  ganglia  fase  after  the  union 
of  the  two  pigment  flecks  in  the  compound  eye,  then  the  cephalic 
ganglion  is  formed  by  the  union  of  the  two  preoe3ophagal  ganglia, 
the  commissures  passing  about  the  oesophagus.  I  have  not  been 
able  to  determine  if  the  suboeaophagal  ganglia  become  fused. 
From  the  anterior  ganglia  spring  the  nerves  to  the  antennae  and 
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jaws,  which  latter  are  the  larger  in  the  embryo,  being  exceedingly 
large  nerves. 

This  key  contains  the  majority  of  the  genus,  but  falls  short  of 
completeness.  The  following  species  are  uncertain.  W.  Schman- 
kewitsch  described  as  new  Z>.  degenerata  and  D.  rudis^  from  salt 
or  brackish  waters.  These  he  regards  as  degenerate  forms  produced 
by  the  inferior  aeration  of  dense  waters.  The  author  does  not 
appear  to  recognize  the  modern  distinctions  of  genera  so  that,  not 
haying  seen  the  work,  even  the  generic  position  can  not  be  defi- 
nitely stated.  His  investigations  seem  to  show  that  the  proximity 
of  salt  waters  iiffiuence  the  form  of  the  body,  or^  perhaps,  that 
there  is  a  constant  interchange  between  the  sub-marine  and  fresh- 
water species.  Daphnia  brevicauda^  Chambers,  is  an  incorrectly 
figured  and  described  Simocephalus. 

Key  to  the  Gbmtjs  Daphkia. 
Section  i.    Pigment  .fleck  present. 

A.  Head  short,  equally  rounded. 

1.  D.  fMiMocea,  Balrd. 

B.  Head  not  regularly  rounded,  more  or  less  beaked. 

(a)  Claws  spiny. 

I.   Abdomen  broad,  series  of  anal  spines  nearly  equal,  neltber  bead  nor  back 
keeled, 
t   A  marked  sinuosity  In  the  posterior  outline  of  post-abdomen . 

2.  D.  «oA«^«r»,Baird. 
D.  ovata,  Bars. 

D.  pennata,  Mueller. 
ft   No  well  marked  depression. 

3.  i>.  inOea;,  Mueller. 

4.  D.achadleri^S&TB. 
D.  hctsiata,  Sars. 
D.  obtuta,  Kurz. 

u.   Abdomen  narrow,  shell  keeled  somewhat  dorsally. 

5.  D.  minnehahat  sp.  n. 

6.  D.  earinatat  Bars. 

(b)  Claws  nearly  or  quite  smooth. 
I.   Head  not  crested. 

7.  D.  Umgitpina,  Leydlg. 

8.  D.  roceo,  Sars. 

9.  i>.  «iffM7t«,Claus 
D.  lacustrls,  Bars. 
D.  cavlfrons,  Bars. 

10.  D.  hyalimu  Leydlg. 

11.  D.  diiWa,  Herrick. 
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D.  pelladda,  P.  £.  Maeller. 
D.  galeata,  Sars. 
12.  (?)i>.  teviSiBirge. 

Section  IL    Pigment  fleck  absent. 

A.  Head  but  slightly  crested. 

1.  D.  lonffiremU,  Sars. 

B.  Head  strongly  crested. 

2.  D,  erigUUa,  Sars. 

3.  D.  ctieuUata,  Bars. 
D.  aplcata,  Ktirz. 

4.  D,  koXberoetuia,  Sehoedler. 
D.  cederstromli,  Schoedler. 
D.  retrocnrya,  Forbes, 

D.  Tltrea,  Kurz. 

5.  D.  magnieepBt  sp .  n. 

SECTIOlir  I. 

A,  Heed  shorty  evenly  curved. 

Sp.  1.    iDaphnia  psittacea^  Baird. 

Mentioned  by  Schobdlbb,  Fric  and  Kubz. 

This  species  is  at  once  recognized  by  the  head,  which  is  very 
short  and  evenly  curved,  or  nearly  so,  from  the  heart  to  the  beak. 
The  shell  is  high,  oval,  with  a  rather  short  spine.  The  fornices 
are  wide  and  angled  behind:  the  antennules  are  longer  than  in 
most  species;  the  post-abdomen  is  very  large,  but  narrows  toward 
the  end  and  has  comparatively  few  anal  teethe  which  are  of  une- 
qual bize.  This  is  one  of  the  largest  of  the  genus.  Not  yet 
found  in  America. 

B.  Head  more  or  less  concave  helow^  at  least  not  evenly  arched, 

Sp.  2.   Daphnia  schaefferi,  Baird. 
(Plate  M.  Figs.  1—4.) 

Daphnia  penwUa^  MuELLBV. 

Daphnia  pulex^  8TBAU8,  KOCH,  (fide  P.  B.  MUBLLBB.) 
Daphnia  magna,  LiLLJBBOBa,  Lbtoio,  etc. 
DaphnUi  Bchsefferi,  Schobdlbb,  Kubz. 

The  largest  species  of  the  genus,  is  of  an  elongated  oval  and 
ventricose  form.  The  spine  is  entirely  absent  in  old  females  and  of 
only  moderate  length  in  the  young.  The  antennules  of  the  male 
are  long  and  have  a  very  long  flagellum.  The  post-abdomen  is 
narrowed  suddenly  below  the  anus  so  that  the  spines  consist  of 
two  sets;  the  terminal  claws  are  spiny  at  the  base.      Although 
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very  similar  to  D.  pulex,  it  may  be  recognized  at  once  by  the  con- 
cavity of  the  dorsal  margin  of  the  post-abdomen.  The  plate  will 
make  any  detailed  description  superfluous.  A  common  species  in 
Europe,  but  not  yet  found  in  America. 

Daphnia  ovata,  Sars,  seems  probably  this  species,  but  Sars  was 
troubled  by  Straus'  mistaken  reference. 

Daphnia  penndta  of  Sars  may  aho  be  this  species  or,  more  prob- 
ably, D.  pulex.  The  Latin  discription  given  by  Sars  is  appended 
for  convenience  of  reterence. 

Daphnia  pennata,  Sars. 

"Antecedent!  (D.  pulex)  slmlUlma,  caput  autem  a  latere  visum  latlus,  rostro  breviore, 
supra  visum  testa  cetera  parum  angustius  fere  cordlforme,  antlee  acuminatum.  Pro- 
cessus anterlores  duo  dlsjunctl .  Margo  posterior  postabdominls  In  medio  sinulo  parvo 
et  infra  hunc  utrlnque  aculeis  16-18  armatus.   Color  ut  in  antecedente. LongIt .2>^mm." 

i>aphnia  ovata,  Sars. 

"Caput  a  latere  visum  ante  oculum  fere  angulatum,marglne  inferiore  leviter  coBcavo 
In  rostrum  longum  aplcem  versus  attennatum,  extremltate  tenulssima  exeunte,  spura 
visum  ut  in  D.  pennata  cordiforme.  Testa  cetera  a  latere  visa  ovata,  marglne  superi- 
ore  et  inferiore  in  femlna  adulta  fere  asquses  arcuatls,  postlce  in  medio  spinam  formans 
brevlsslmam  vel  omnino  obsoletam.  Processus  anterlores  duo  abdominis  disjuncti- 
Margo  posterior  postabdominls  in  medio  slnuatus,  utrinque  aculois  20-22  armatus.  Color 
albido—flavescens  vel-vlrescens.    Longlt.  circlt  8  mm." 

Sp.  3.    Daphnia  pulex,  Mueller 

This  commonest  of  our  Daphnids  is  apparently  circumpolar  in 
distribution.  I  have  found  it  in  Alabama  near  the  Gulf  and  it  also 
occurs  near  lake  Superior. 

Oval,  either  elongate  or  short,  spine  springing  from  the  upper 
angle  of  shell  or  in  some  cases  near  tlie  middle.  The  spine  is  rather 
long  in  young  individuals  but  becomes  very  narrow  in  older  ones 
or  entirely  disappears.  The  abdominal  processes  are  long,  not 
coalescent,  or  slightly  united  at  the  base.  The  head  is  concave  be- 
low and  extends  into  a  prominent  beak.  This  species  is  either  very 
variable  or  several  species  are  frequently  united  under  the 
term.  Two  types  have  been  recognized  in  America.  One,  abun- 
dant in  spring  in  smaller  ponds  in  Minnesota,  is  rather  short, 
arched  above,  and  in  old  females  with  the  spine  situated  near  the 
middle  of  the  posterior  margin.  This  form  i^  quite  typical  for  the 
species  and  occurs  from  April  to  mid-summer.  Another  variety  was 
found  in  Alabama  in  late  autumn,  and  similar  animals  in  mid-winter 
in  lake  Calhoun,  Minnesota.  This  type  has  a  much  more  elongate 
body,  the  very  slender  but  rather  short  spine  springs  from  the  upper 
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margin  of  the  shell  or  is  quite  wanting.  This  longer  form  has  the  beak 
slightly  arched  so  as  to  resemble  a  ^^Roman  nose."  The  anal  spines 
are  less  numerous  (10-14  while  typical  D.  pulex  has  nearly  20). 
The  young  of  this  form,  which  may  be  called 

I>aphnia  palex^  var.  Basutns^  (Yar.  n.) 

(Plate  K.    Figs.  1-4.) 
vary  much  among  themselves  but,  in  general,  resemble  the  young 
of  the  European  form. 

Daphnia  pulex  has  been  mentioned  by  a  number  of  authors  in 
America,  Smith,  Birge,  Chambers  and  Herrick  having  noted  its 
occurrence  in  various  parts  of  the  United  States.  Z>.  obtusa^  Kurz, 
is  apparently  only  the  spineless  condition  of  the  above  or  a  related 
species.  No  Daphnia  is  without  the  spine  through  life;  such  a 
form  would  constitute  a  new  genus  at  once. 

Sp.  4.    I>.  schoedleri,  San. 

Seems  to  resemble  D.  pulex  very  closely  but  differs  in  having 
the  lower  margin  of  the  head  nearly  straight,  terminating  in  a  short 
straight  beak.  The  spine  springs  from  the  middle  of  the  posterior 
margin.    The  anal  spines  are  14-16  in  number.    Length  2.33  mm. 

This  name  is  applied  by  Sars  to  Schoedler's  D.  longispina  which 
is  not  D.  longispina  of  Leydig. 

Sars^  D.  hastata  is  so  insufficiently  defined  that  it  will  probably 
be  necessary  to  drop  it  from  the  list. 

Sp.  5.    Daphnia  minnehaha,  (Sp.  n  ) 

(Plate  K,  Figs.  1,  2;  Plate  L,  Pigs.  1,  2.) 

This  species,  which  occurs  in  small  pools  in  autumn  (affluents  of 
Minnehalia  creek,  etc.,)  closely  corresponds  apparently  to  Sars^ 
Daphnia  carinata  but  dififers  in  numerous  points.  It,  in  fact,  is  more 
nearly  related  to  D.  pulex  than  the  group  under  which  that  species 
is  placed. 

The  form  is  oval,  arched  above,  narrowed  posteriosly,  terminat- 
ing in  a  rather  short  spine  which  curves  lightly  upwards.  In  males 
and  young  females  the  spine  springs  from  the  upper  angle,  but  in  old 
females  having  many  summer  eggs  the  spine  is  nearly  median* 
The  head  is  depressed,  strongly  arched  and  keeled  slightly  dbove 
the  eye,  which  occupies  the  extreme  end  of  the  forehead.  The  keel 
of  the  head  extends  into  a  slight  angle  over  the  heart  and  continues 
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down  the  back.  In  young  females  and  in  males  the  slight  anccle 
is  replaced  by  a  strong  knife-like  projection  which  extends  into 
from  1  to  4  sharp  teeth,  the  anterior  tooth  being  directed  forward. 
The  males,  in  particular,  have  this  feature  emphasized.  D.  long* 
ispina  has  a  somewhat  similar  projection  but  the  more  nearly  re- 
lated forms  seem  not  to  show  this  peculiarity.  The  beak  is  slightly 
curved  and  the  lower  margin  of  the  head  is  slightly  sinuate.  The 
shell  has  the  usual  square  reticulations  and  is  usually  very  trans- 
parent but  in  peaty  waters  becomes  brownish.  The  size  is  small 
but  variable;  1.8  mm.  is  a  common  measurement.  The  post-abdo- 
men is  narrow,  the  claws  are  armed  with  four  or  more  teeth  and  a 
series  of  lateral  bristles.  The  anal  spines  are  eleven  or  more  in 
full  grown  females  and  decrease  only  moderately  upward.  The 
processes  of  the  abdomen  are  distinct.  The  males  are  smaller  and 
strongly  carinated  above  and  of  the  same  form  as  young  females 
The  antennules  are  rather  long,  with  a  short  lateral  and  a  long 
terminal  flagellum,  which  latter  is  more  than  twice  the  length  of 
sensory  setse  which  are  partially  lateral.  The  first  foot  has  a  strong 
claw  and  a  long  flagellum,  while  the  second  feet  have  a  small  spiny 
hook.  There  is  a  single  abdominal  process  which  is  not  hairy  as 
in  D.  pulex. 

Sp.  6.    I>aphnia  carinata,  Sars. 

Very  similar  to  the  last  but,  according  to  Sars,  the  claw  has  no 
well  marked  teeth,  a  short  flagellum  on  the  male  antenna,  aud  the 
abdominal  processes  are  united  at  the  base  (which  may  indeed  be 
sometimes  the  case  in  the  above.) 

D.  cavifrons^  Sars,  has  a  prominence  on  the  forehead  and  the  lower 
margin  of  the  head  is  strongly  concave,  otherwise  hardly  destin- 
guishable  save  by  the  absence  of  the  keel  above. 

Sp.  7.    I>aphnia  longispina,  MneUer. 
X>.  lonoispiMt,  O.  F.  MUKLLEB.  Baird,  Lbtdio.  Sabs,  P.  E.  Mubllbb,  Kubz.  Wbi8- 

MANN,  etc. 

Oval,  elongate;  head  large^  rounded  in  front,  lower  margin  some- 
what concave;  rostrum  long.  Spine  very  long,  springing  from,  the 
middle  of  the  posterior  margin.  Post-abdomen  attenuated  toward 
the  end.  Terminal  claws  smooth  or  simply  cilate,  spines  few» 
The  abdominal  processes  are  united  at  the  base  a  very  little,  Flag- 
ellum of  the  male  antennule  hardly  longer  than  the  sensory  setae* 
The  young  have  three  teeth  above  as  in  D.  minnehaha.    There  is 
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a  great  deal  of  diversity  of  opinion  as  to  the  value  of  this  name. 
Not  that  there  is  any  doubt  of  the  existence  of  a  widely  distributed 
foroi  which  in  general  is  that  intended  by  Leydig  and  others,  but 
the  variation  is  so  great  that  the  possibility  remains  that  more 
than  one  species  is  included  under  the  one  title. 

P.  E.  Mueller  recognizes  two  varieties  depending  chiefly  upon 
the  length  of  the  spine. 

D.  lacustris^  Sars,  is  nearly  related,  if  not  a  variety  of  the  above. 

Sp.  8.    I>aphnia  rosea»  Sars. 

(Plate  K.    Figs,  10-12.) 

Tn  form  very  like  D.  longispina,  this  species,  which  is  the  only 
representative  of  this  smooth-clawed,  unkeeled  group  yet  found  in 
America,might  perhaps  be  appropriately  re-united  with  that  species^ 
but,  as  there  seems  little  doubt  of  the  identification  with  Sars^  va- 
riety, as  above,  I  prefer  to  use  his  name. 

Body  oval,  moderately  ventricose;  head  of  moderate  size,  lower 
margin  nearly  straight;  eye  situated  in  the  anterior  prominence. 
The  beak  is  not  very  prominent.  The  upper  outline  of  the  head 
is  slightly  concave  above  the  eye  or  rather  less  convex.  The  head 
is  separated  from  the  body  by  a  marked  depression.  The  spine  of 
the  shell  springs  from  the  upper  angle  or  is  quite  wanting.  The 
post-abdomen  is  of  moderate  size,  somewhat  narrowed  toward  the 
«nd.  The  claws  are  smooth,  the  anal  spines  nearly  equal,  straight> 
about  14  in  number.  The  abdominal  processes  are  not  coalesced 
or  but  slightly  so.  Length  1.50  mm.  to  2.0  mm.  The  species  was 
collected  sparingly  in  a  large  gathering  of  D.  pulex  from  a  small 
lake  in  early  spring. 

The  size  and  conformation  of  the  abdominal  processes  is  very 
variable  and  the  long  and  very  slender  spine  is  frequently  absent. 

Sp.  9.    I>aphnia  similiSy  Clans. 

The  description  of  this  species,  which  was  bred  in  confinement 
from  eggs  brought  in  mud  from  Jerusalem,  I  am,  unfortunately, 
unable  to  quote.  Judging  however,  from  the  figures  which  alone  I 
now  have  access  to,  it  belongs  in  the  group  of  Z>.  longispina^  though 
in  many  particulars  it  resembles  D.  schsefferi.  The  form  is  elon- 
gate, the  spine  short  and  springing  from  the  upp^r  margin.  The 
antennule  of  the  female  is  very  large  and  flagellate,  while  that  of  the 
male  is  like  that  of  D.  schsefiferi.  The  flagellum  and  hook  of  the 
first  foot  of  male  are  rather  small. 
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We  now  come  to  a  group  of  related  species  which  are  most  dif- 
ficult to  circumscribe  on  account  of  their  extreme  variability.  Ac- 
cording to  the  view  of  Lutz  they  would  all  fall  into  the  old  D. 
hyalina  of  Leydig.  More  probably,  however,  some  of  these  forms 
are  of  nearly  or  quite  specific  value. 

Sp.  lO.    I>aphnia  byallna,  Leydig? 

(PlateL,  Fig8.3,  5.) 
Daphnia  longifpina,  Hsrbick. 

I  have  elsewhere  given  a  brief  account  of  the  post-embryonic  de- 
velopment of  a  species  which  agrees  best  with  Leydig^s  figures  of 
D.  hyalina. 

The  lower  outline  of  the  head  is  nearly  straight,  the  eye  being 
always  approximated  toward  it.  In  young  specimens  the  head  is 
sharp  in  front  and  crested.  The  lower  margin  of  the  head  appears 
very  long  and  the  beak  turns  backward.  The  spine  is  very  long  in 
young  forms  but  is  short  in  old  females.  The  male  resembles  very 
much  the  young  female.  The  post-abdomen  is  narrowed  toward 
the  end,  the  terminal  claws  are  smooth,  the  anal  teeth  few  and  the 
abdominal  processes  united.  Our  specimens  are  from  Paducah,  Ey., 
south  of  the  Ohio  river. 

I  do  not  know  how  to  distinguish  D.  IcBviSj  Birge,  from  D.  hyalina, 
save  that  the  abdominal  processes  lire  said  to  be  distinct.  Both 
forms  were  observed  in  the  above  mentioned  gathering.  If,  how^ 
ever,  Birge^s  figures  are  characteristic,  he  had  a  different  variety 
before  him  from  ours;  it  sciems  somewhat  like  D.  galeata. 

D.  pellucida^  P.  E.  Mueller,  differs  from  D.  hyalina  in  the  pre- 
sence of  a  series  of  small  teeth  on  the  caudal  claws,  and  a  more 
strongly  curved  beak. 

It  is  just  now  brought  to  my  attention  that  P.  E.  Mueller,  in  a 
late  worrk,  identifies  D.  pellucida  with  D.  hyalina,  though  he  still 
holds  D.  galeata  distinct. 

I>aphnia  galeata,  Sara. 

( Plate  T.  Figa.7,8.) 

According  to  P.  E.  Mueller,  this  species  differs  from  D.  pellucida 
in  the  absence  of  teeth  on  the  caudal  claw,  and,  in  one  variety,  by 
the  acuminate  head,  which  seems  the  only  form  for  which  the  name 
is  distinctive.  Kurz  found  only  the  var.  frons  rotundata.  Accord- 
ing to  Forbes,  both  varieties,  the  first  of  which  he  identifies  with 
D.  pellucida,  occur  in  lake  Michigan. 
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S.  I.  Smith  finds  both  in  lake  Superior,  and  seems  to  haye  no 
doubt  of  their  distinctness.  One  of  the  forms  which  I  have  seen 
differs  a  little  from  either  of  the  above,  and  had  a  different  habitat. 
Eurz  has  described  the  male,  which  has  a  very  short  fiagellum  upon 
the  antennnle.  A  single  source  for  D.  galeata  was  found  in  a  small 
pool  known  as  Clarke^s  lake.  This  is  the  more  remarkable,  as  this 
species,  which  is  almost  confined  to  larger  bodies  of  water,  is  found 
nowhere  else  in  the  vicinage  of  Minneapolis,  while  this  minute 
lake^  though  as  deep,  perhaps,  as  any  of  the  largest  in  the  county 
(say  40  feet),  contains  a  number  of  forms  known  otherwise  only  in 
the  Great  Lakes.  Eurz^s  remarks  on  the  specimens  collected  by 
him  apply  equally  to  these.  Were  the  claws  dentate,  the  animal 
would  pass  as  D.  pellucida.  The  young  have  no  horn  on  the  head. 
The  spine  of  the  shell  is  nearly  as  long  as  the  whole  animal  in  the 
young.  The  male  of  our  form  is  1.2  mm.  long,  excluding  the 
spine  which  measures  47  mm.  The  fiagellum  is  a  very  little 
longer  than  the  sensory  setae,  and  there  is  a  very  minute  lateral 
fiagellum.  A  peculiarity  of  this  species  is  the  scattered  thorny 
armature  of  the  spine  of  the  shell.  There  is  but  little  change  in 
the  form  of  head  with  age.  The  form  of  the  last  feet  is  peculiar. 
The  ephippium  occupies  comparatively  a  small  part  of  the  valves 
and  the  spine  becomes  very  short  and  quite  smooth.  The  sexual 
period  occurs  in  September  and  October. 

The  above  statements  regarding  D.  galeata  require  a  modifica- 
tion, for  in  another  deep  lake  the  writer  l\as  since  secured  the 
typical  crested  D.  galeata  with  even  a  higher  crest  than  that  figured 
by  P.  E.  Mueller.  The  head  ends  in  a  sharp  angle.  The  single 
female  seen  was  in  company  with  the  rounded  variety  and  numbers 
of  D.  kalbergensis,  which  it  resembles  in  many  respects.  Our 
fauna  therefore  is  quite  complete  in  these  remarkable  forms. 

(  See  Plate  U.  Fig.  6.) 
Sp.  11.    I>aplinla  dubia,  Herrick. 
(PlateL.  Figs.  7,8.) 

American  Naturalist,  1883. 

The  life  history  of  this  form  is  insufficiently  known,  but  there 
seems  no  reason  for  doubting  that  it  constitutes  a  new  and  easily 
recognizable  species.  It  is  nearly  related  to  D.  hyalina,  but  the 
head  is  strongly  crested  all  round  and  the  eye  is  withdrawn,  in 
young  as  well  as  old  specimens,  toward  the  middle  of  the  head. 
This  peculiarity  is  shared  in  this  degree  by  no  other  Daphnia 
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The  form  is  as  in  D.  pellucida,  but  the  spine  is  more  slender  and 
directed  upward.  The  head  is  shaped  much  as  in  D.  vitrea  in 
the  young,  but  is  much  less  prominent.  The  older  form  has  a 
shorter  and  more  slender  spine  (none  were  seen  in  the  ultimate  or 
spineless  stage).  The  head  is  more  evenly  rounded,  but  still  well 
crested.  The  abdomen  is  very  slender  and  the  anal  teeth  diminish 
rapidly  in  size  from  below  upward.  The  claws  are  very  short  and 
armed  down  the  whole  length  with  fine  bristles.  The  abdominal 
processes  are  well  united  at  the  base  in  old^  specimens,  so  that  the 
second  seems  a  small  process  of  the  first.  The  shell  is  very  trans- 
parent and  the  spine  is  longer  than  in  any  other  Daphnid. 
In  a  young  specimen  the  spine  was  1,  mm.,  the  body  0.7  mm.,  and 
the  head  0.4  mm.  In  this  specimen  the  spine  was  slightly  curved, 
the  head  elongate  with  a  slight  ridge  in  front.  Another  individual 
had  the  spine  1.1  mm.  long,  while  the  remainder  of  the  animal  was 
1.3  mm.  This  specimen  also  had  a  knife-like  hyaline  ridge  on  the 
crest,  which  was  obliquely  truncate  in  front;  it  also  had  numerous 
summer  embryos  in  the  brood  sac.  The  spine  was  perfectly  straight 
and  but  slightly  inclined  upward.  Older  individuals  have  a  rounded 
crest  as  figured  and  no  ridge.  The  spine  is  relatively  somewhat 
shorter  but  much  more  slender.  The  characters  which  most  clearly 
distinguish  this  species  are  the  well  crested  head,  which  in  young 
as  well  as  sometimes  older  specimens  has  a  median  hyaline  ridge, 
the  withdrawal  of  the  eye  from  the  margin  and  the  very  long  spine. 
It  resembles  D.  galeata  in  earlier  stages.  It  is  very  much  like  D. 
Isevis  or,  in  other  words,  is  in  the  group  of  D.  hyalina;  but  the  study 
of  a  considerable  number  of  specimens  from  difl^erent  localities  con- 
vinces me  that  it  can  not  be  united  with  that  species  in  any  of  its 
varieties.  This  species  has  only  been  found  in  autumn,  Sept. — 
Nov.,  lake  St.  Croix  and  Richfield  in  Hennepin  county. 

Section  II. 

Pigment  fleck  wanting.  Head  crested.  The  small,  hyaline  spe- 
cies constituting  this  section,  elevated  by  Schoedler  to  the  rank  of 
a  genus  ( Hyalodaphnia )  and  by  Sars  to  that  of  a  subgenus  (Cepha- 
loxus),  are  chiefly  residents  of  the  deeper  parts  of  our  larger  lakes. 
These  forms,  from  their  rarity,  have  been  little  studied  and  it  is 
uncertain  how  far  the  assumed  specific  distinctions  are  valid. 

Two  species  are  known  in  America  and  they  are  not  confined  to 
large  lakes. 
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Sp.  1.    I>aphiiia  longriremis,  Sara. 

Hyaline,  compressed,  seen  from  the  side,  rounded,  lower  margin 
strongly  arched;  spine  long,  straight,  oblique.  Head  rounded, 
lower  margin  nearly  straight,  ending  in  a  beak  directed  downward, 
acute  anteriorly.    Eye  small.    Antennae  very  long.    Length  1  mm. 

The  abdomen  is  said  to  be  similar  to  that  of  D.  longispina.  From 
the  brief  description  given  by  Sars  it  would  appear  that  this  spe- 
cies is  characterized  by  a  rounded  and  uncrested  or  slightly  crested 
head.  Though  imperfectly  described,  it  is  here  mentioned  to  direct 
•attention  toward  any  such  species  as  may  be  found  in  America. 

Sp.  2.    Daphnia  cristata,  Sara. 

Compressed,  long.  Head  acute  in  front,  strongly  crested,  lower 
margin  nearly  straight.  Dorsal  line  of  body  little  curved,  spine 
long  in  the  young,  strongly  curved.  Head  of  male  smaller,  flagel- 
lum  of  antennule  twice  as  long  as  the  setae;  first  foot  well  clawed. 
Length  of  female  1.33  mm. 

Sp.  3.    I>aphnia  cucullata,  Sars. 

D.  htiroUnentia,  Sghoidlbk. 

Very  like  the  above,  but  the  margin  of  head  is  not  straight  be- 
low, is,  however,  extremely  variable  and  ends  in  a  sharp  angle.  The 
eye  lies  nearly  midway  between  the  heart  and  the  end  of  the  head 
and  near  the  lower  margin.  The  two  anterior  processes  of  the 
abdomen  are  united  for  most  of  their  length.  The  fiagellum  of  the 
male  antenna  is  about  as  long  as  the  terminal  setae. 

D,  apicata,  Kurz,  seems  to  be  a  large  variety  lacking  the  sharp 
spine  of  the  head.  In  the  main  it  agrees  quite  well.  Although  the 
post-abdomen  is  broader  than  figured  by  Muellei,  the  number  of 
teeth  corresponds  with  Sars^  description. 

Sp.  4.    I>aphnia  kalbergensis,  Schoedler. 

(Plate  U.    Figs.  1—3). 

Form  oval,  spine  long.  Head  high,  compressed,  enormously 
elongated,  beak  obtuse.  Eye  small.  Abdominal  processes  not 
united.  Caudal  claws  ornamented  with  small  setae.  Antennae  of 
male  with  a  short  fiagellum.  Length  of  head  nearly  equal  to  that  of 
body  exclusive  of  spine. 

D.  vitrea  of  Kurz  seems  not  improbably  a  varietal  form  of  the 
above  though  the  crest  is  lower,  the  size  is  less  and  the  post-abdo- 
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men  is  more  slender  and  has  fewer  teeth;  the  differences  are,  how- 
ever, hardly  specific. 

I  am  not  convinced  that  either  Z>.  cederstromii^  Schoedler,  or  D. 
retrocurva^  Forbes,  are  really  distinct  species,  althoagh  the  latter^ 
with  its  more  strongly  crested  head,  is  said  also  to  have  a  aeries  of 
teeth  on  the  terminal  claw.  Perhaps  it  forms  with  D.  cederstro- 
mii  the  fifth  and  extreme  phase  of  this  group. 

Since  writing  the  above  account  of  Daphnia  kalbergensis  this 
truly  monstrous  species  has  come  to  light  in  the  vicinity  of  Min- 
neapolis. The  opportunity  is  thus  afforded  to  verify  the  suspicion 
expressed  above  that  a  number  of  species  must  be  united  under  this 
name.  P.  E.  Mueller  gives  the  following  measurements  for  D.  kal- 
bergensis:  head 0.9 — 1.0mm.,body  1.0 — l.lmra.,  spine 0.7— 0.75mm. 
Kurz  for  his  D.  vitrea  gives  a  length  of  0.85  mm.  plus  0.25  mm.,  the 
length  of  the  spine.  Judging  from  his  figure,  the  head  would  not 
measure  over  0.35  mm. 

Forbes  says  of  his  D.  retrocurva  that  the  head  is  two  thirds  as> 
long  as  the  body. 

Our  specimens  measured  as  follows: 

No.  1.  1.6  mm,  head  somewhat  more  than  half  the  body  and  al- 
most exactly  like  D.  vitrea  in  form. 

No.  2.  Head  0.6  mm.,  body  0.9  mm.,  spine  0.5  mm.;  about  9  anal 
spines.     Head  in  this  case  moderately  curved  upward. 

No.  3.  Head  0.95  mm,,  body  0.95  or  less,  spine  0.5  mm.;  or  the 
head  as  long  as  or,  indeed,  considerably  longer  than  the  body  and 
directed  upward. 

The  males  have  the  crest  much  lower,  the  spine  longer,  and  the 
form  of  antennules  figured  by  P.  E.  Mueller.  In  the  older  females 
the  beak  is  elevated  above  the  antennules,  as  remarked  by  Forbes, 
but  in  smaller  individuals  there  is  very  little  difference  between 
our  specimens  and  Mueller^s  figures. 

The  claws  of  the  post-abdomen  have,  besides  the  row  of  fine  teeth 
mentioned  by  Mueller,  a  cluster  of  sharp  teeth  just  at  the  basd. 

Found,  together  with  typical  D.  galeata  and  the  rounded  form,  in 
a  small  deep  lake  or  expansion  of  a  creek  not  far  from  Medicine 
lake,  Hennepin  county,  Minn. 

Sp.  5.    I>aplinia  magrniceps«  (Sp.  n.) 

(Plate  U.    Fig.  15). 
The  peculiar  form  figured  in  the  Tenth  annual  of  this  survey 
seems  indubitably  new  and  is  distinguished  by  the  peculiar  shovel- 
shaped  head,  which  is  scarcely  crested  but  is  broadest  beyond  the 
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middle.  The  spine  is  long,  the  claws  smooth,  the  abdominal  pro- 
cesses united  and  the  shell  transparent.  The  eye  is  near  the  end 
of  the  rounded  head  and  is  large;  the  pigment  fleck  was  apparently 
absent.  Found  with  Daphnia  minnehaha  in  a  shallow  swampy 
pool  in  autumn. 

Family  BosMiNiDiB. 

The  sole  genus  of  the  family,  Bosmina,  contains  over  d  dozen 
nominal  species  which  are  among  the  most  difficult  to  define  of 
any  cladocerans.  The  number  is  here  reduced  to  nine  and  the 
probable  position  of  the  rejected  species  is  indicated.  This  is  not 
done  because  the  author  presumes  upon  the  slender  material  at 
hand  to  revibe  the  genus;  but  simply  from  the  fact  that  the  descrip- 
tions of  the  earlier  writers  do  not  permit  a  proper  discrimination; 
so  that  this  necessity  is  entailed  upon  any  one  who  would  give  a 
birds-eye  view  of  the  members  of  the  genus.  The  B.  diaphana  is 
founded  upon  a  di£Perent  twist  in  the  antennules  and  no  hesitancy 
is  felt  in  uniting  it  with  Sars^  B.  lilljeborgii.  The  other  species^ 
B.  brevirostris  and  B.  nitida,  are  omitted  simply  because  there 
seems  to  be  no  way  of  separating  them  jsatisfactorily  from  B.  mari- 
tima  and  B.  obtusirostris  respectively.  Three  species  have  been 
found  in  Minnesota,  but  practically  no  attention  has  been  given  to 
the  genus  here. 

Bosmina  macrorhyncha  found  in  Egypt  is  not  here  included,  its 
description  being  inaccessible  to  me. 

B.  Iffivis,  Leydig,  seems  simply  alsmooth  condition  of  other  spe- 
cies. Whether  B.  curvirostris,  Leydig,  is  or  is  not  valid  must,  so  far 
as  I  am  concerned,  remain  at  present  doubtful. 

Gbkus  Bosmina, 

A.    Shell  extending  into  a  spine  behind. 

(a)  Antennae  curved  ontwazd. 

1.    Bosminxicomula,  Jnrlne. 

(b)  Antennae  not  curved  ontward, 

I.    Shell  rellculated,  at  lenst  in  part 
t  Flagellam  midway  between  eye  and  the  sensory  sette  of  antennee. 
9.    Bosmina  longirostrU,  Mueller. 
tt  Flagellnm  nearer  eye. 
8.    Bowiina  marUima,  P.  B.  MneUcr. 
4.    .Bosmina  longispina,  Leydig.  (B.  brevirostris  f) 

XI.    Shell  striate. 
t  Antennules  long. 

6 
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5.  Botmina  6tnata ,  H«nick . 
ft  Antenna  lea  short. 

*  RoBtium  long. 

6.  liosminalacwtris,  Sars. 
*♦  Rob  tram  short 

7.  Bosmina  obtvMrostrU^  Qbtb.   (B.  nitida,  Sars^) 

B.    Shell  not  spined  behind. 

(a)  Shell  strongly  arched  above. 

8.  Boamina  lUtjehorgii,  Sars.  (B.  diaphana?) 
<b)  Shell  moderately  curved  above.  • 

9.  Boamina  mierops,  P.  B.  Mueller. 

GoncerninG:  the  identification  of  Bosmina  longispina,  Leydig, 
with  B.  brevirostris,  P.  E.  Mueller,  it  must  be  said  that  the  bow  is 
drawn  at  a  venture,  for  Mueller,  in  his  paper  on  the  Cladocera  of 
Swiss  Lakes,  in  a  fit  of  absent-mindedness  refers  to  B.  lacustris,  P. 
E.  Mueller,  citing  p.  149  of  Danmark^s  Cladocera.  On  the  page  in 
question  are  descriptions  of  B.  maritima  and  B.  brevirostris  of  which 
the  latter  is  probably  the  one  meant.  Sars*  B.  lacustris  seems  quite 
different,  being  strongly  marked  by  longitudinal  lines,  while  Leydig 
says  of  B.  longispina  '^shell  striped  and  small  reticulate,**  and  P.  E. 
Mueller  says  in  B.  brevirostris  the  shell  is  "utydeligt  reticuleret" 
i.  e.  indistinctly  reticulate. 

The  three  species  so  far  identified  in  America  are  B.  longirostris, 
of  which  a  figure  is  given  (plate  J,  fig.  2,)  B.  cornuta  and  B.  striata, 
which  may  possibly  be  yet  identified  with  one  of  the  European  spe- 
cies, though  it  seems  improbable.  I  have  also  seen  a  species  like 
L?ydig*8  B.  Isevis,  but  considered  it  a  smooth  variety  of  B.  longi- 
rostris. 

FAMILY  LYNCODAPHNIDJE,  Sars,  1861;  Herrick,  1881. 

*  This  is  a  rather  small  family  with  seven  genera  of  minute  ani- 
mals which  are  abundant  only  in  summer.  Many  and,  indeed, 
most  oi  the  species  are  among  the  rarer  of  fresh-water  crustaceans 
of  this  group,  and  a  few  are  among  the  rarities  which  only  now  and 
then  reward  the  collector.  This  family  undoubtedly  is  the  link 
connecting  the  Daphnidse  with  the  Lynceidae,  relationships  to  which 
are  expressed  by  Macrothrix,  on  the  one  hand,  and  Lyncodaphnia, 
on  the  other. 

The  rank  of  this  group  as  a  family  must  be,  of  course,  a  matter 
largely  of  opinion.  Sars  was  the  first  to  adopt  this  view,  sustained 
by  certain  curious  transition  forms  leading  toward  Lynceidsa.  Later 
writers  seem  never  to  have  found  these  genera  and  the  group  was 
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again  included  with  the  Daphnidse.  The  writer,  upon  the  dis- 
covery of  the  Lyncodaphnia,  was  forced  to  regard  this  group  as  of 
equivalent  grade  with  the  above  mentioned  families  and  again  pro- 
posed the  family  name  LyncodaphnidsB.  ^ 

The  genus  Ilyocryptus  is  a  little  one  side  the  normal  course  of 
the  family  and  seems  related  to  the  lynceid  genus  Leydigia. 

The  waters  of  the  northern  United  States  are  very  rich  in 
members  of  this  family. 

The  aberrant  family  BosminidsB  finds  its  only  connection  with 
other  Gladocera  through  this  group  by  means  of  the  remarkable 
Macrothrix  (?)  pauper;  and  here  it  is  only  vaguely  hinted  at  in  the 
elongated  antennules  and  angled  lower  margin  of  shelU  as  well  as 
the  presence  of  certain  bodies  near  the  base  of  the  antennules.  It 
has  been  affirmed  that  none  of  the  LyncodaphnidsB  have  an  ephip- 
pium,  i.  e.  the  saddle-shaped  thickenins:  of  the  shell  walls  to  in- 
clude and  protect  the  winter  eggs;  but  I  have  discovered  it  in  the 
case  of  Macrothrix  tenuicornis,  Kurz,  and  presume  it  may  occur 
exceptionally  in  others.  Eurz  says  that  Ilyocryptus  has  no  moult 
proper,  but  this  probably  refers  only  to  the  European  I.  sordidus. 
The  American  species  differs  from  the  generic  description  given  by 
Kurz,  and  may  be  different  in  this  respect  also. 

In  this  family  the  regularity  in  the  disposition  of  the  setse  on 
the  antennse  is  broken  and  the  fringing  of  these  hairs  serves  the 
purpose  of  specific  distinction.  The  antennules  are  always  long 
and  frequently  differ  considerably  in  the  sexes.  The  pigment  fleck 
is  always  present  (Eurz  is  in  error  in  denying  its  existence  in  La- 
thonura).  In  many  forms  there  is  no  free  posterior  margin  of  the 
valves,  while  the  lower  is  generally  thickly  beset  with  movable 
spines.  The  LyncodaphnidsB  will  be  distinguished  from  Gerio- 
daphnia,  which  they  resemble,  by  their  motion,  which  is  a  succession 
of  quick  bounds,  while  the  broader  Geriodaphnise- hobble  along  as 
though  heavily  weighted  by  the  enormous  mass  of  eggs  with  which 
they  are  generally  laden.  The  abdomen  is  usually  short  and  the 
anus  is  behind  the  terminal  claws,  but  in  Ilyocryptus  the  claws  are 
long  and  spined  at  the  base.  In  the  American  I.  spinifer  the  anal 
opening  is  elevated  to  a  point  nearly  underneath  the  stylets,  and 
there  is  a  rudimentary  anal  csecum  as  in  Lynceids. 

The  males  have  the  opening  of  the  vasa  deferentia  in  front  of 
the  cIp.ws,  which  may  be  absent;  the  antennules  are  also  modified, 
being  longer  and  curved.    In  Lathonura  the  abdomen  is  elongated 

1  Notes  on  some  Minnesota  Gladocera.    1881. 
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posteriorly  till  it  begins  to  suggest  a  transition  to  Polyphemas. 
The  known  genera  and  their  distribution  is  as  indicated  below. 

Half  of  the  known  species  are  found  in  America;  one  sixth  being 
peculiar  to  it. 


GKNRRA. 

Total 
number 

of 
species. 

Europ- 
ean. 

Also 
Amer- 
ican. 

Only  In 
America 

Total 
Amer- 
ican. 

).    Macrothrlx 

2.'  Latbonura 

1 
1 

3 

2 

1 

I 

3 
I 

3.    Drepanothrix 

4.    Streblocercus 

6.    Acantholeberis 

6.   Ofryoxua 

i  "' 

l'*" 

7.    LyncoOaplinla  ? 

I 
1 

I 

8.    Ilyocryptus 

2 

» 

Totals 

13 

10 

1         4 

3 

7 

I.    Genus  Macbothbix,  Baird. 

Body  oval,  pointed  behind;  head  broad;  antennae  of  first  pair 
long,  nearly  straight,  beset  with  spines,  olfactory  threads  terminal ; 
swimming  antennae  large  and  powerful,  propelling  the  animal 
by  bounds;  three-jointed  ramus  with  a  greatly  elongated  seta  which 
is  thomed  and  jointed;  labrura  with  the  basal  joint  enlarged^ 
resembling  that  of  Lynceids;  first  foot  with  a  hook  in  both  sexes; 
last  foot  with  a  long  process  (respiratory  body);  abdomen  short; 
claws  short;  caudal  stylets  often  with  a  bush  of  hairs  at  tip.  The 
intestine  is  straight  and  without  caeca  in  front  or  behind. 

The  first  one  to  observe  a  member  of  this  genus,  apparently,  was 
0.  F.  Mueller  whose  Daphnia  curvirostris  is  usually  referred  to 
Macrothnx  laticomis. 

The  name  Echinisca  was  proposed  by  Lievin,  but  Macrothrix  was 
applied  by  Baird  in  1843.  Four  species  are  known,  three  of  which 
occur  in  America  and  without  doubt  the  fourth  will  ultimately  be 
found.  No  males  of  this  genus  were  known  till  1877  when  the 
male  of  M.  laticornis  was  described  and  figured.  ^  Nearly  two  years 
later  the  male  of  M.  rosea  was  described  from  Wisconsin  by  E.  A. 
Birge.  Descriptions  of  the  male  of  Lathonura  are  also  given  in 
both  the  above  mentioned  sources. 

Sp.  1.    Macrothrix  latieornis,  Juxine. 

{Plate  C.    Fisrs.  7.  8  and  9.) 

DapJmia  ctarviroatrieaf),  mubllbb. 
MonociUus  laUcomU,  jubins. 
Lynceua  UUicomis,  dssv aiubbt. 

TGruber  und  Welsmann,  Ueber  einlge  neue  oder  unyoUkommeii  gekannte  Daplk 
niden.  Freiburg. 
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Jdaerothrix  laUecmU,  baibd,  Ann.  Mag.  Nat.  Hist. 

jicanthocereua  cunHrostrU  if),  acaoBDLBB,  Erichs.  ArchlT,  1S46. 

DaphnUi  curvlro$tri»,  fisohbr. 

Macrothrix  laUeomU,  liixjkbobo,  lbydzo,  baibd,  p,  e.  mubllsr,  fbic,  kubz, 
BAB8,  LUTZ,  GLAUS  (Die  Schalendniso  d.  Daphnien),  norxak 
and  BBAB7  (Monogr.  Brit.  Kntom.),  obubbb  and  wbismank, 
WBiBMANN,  (Beitrage  zur  Natargesohlcbte  d.  Daph.) 

This  is  the  commonest  Earopean  species  and  is  the  type  of  the 
genus,  showing  its  rather  conservative  position  by  the  broad  tip  of 
the  antenna  which  is  a  feature  exhibited  by  embryos  and  young  of 
other  species.  The  shell  has  a  warty  surface  and  is  toothed  above, 
while  the  lower  margins  are  fringed  with  long  unequal  spines  in 
groups  of  threes  or  fours. 

The  form  is  roundish  with  a  blunt  posterior  angle,  the  ventral 
margin  being  regularly  curved.  The  antennules  are  short  and  en- 
larged at  the  end.  The  form  is  an  irregular  pentagon;  a  pair  of 
slender  spines  sits  at  the  angle  near  the  base. 

The  swimming  antennae  with  the  seta  on  the  first  joint  of  3- 
jointed  ramus  very  long.  Post-abdomen  truncate  at  the  end,  short, 
posterior  margin  beset  with  series  of  bristles. 

Length  of  male  0.5 — 0.6  mm.,  of  female  0.4  mm. 

This  is  the  smallest  of  the  genus  and  will  undoubtedly  be  found 
in  America. 

Sp.  2.    Macrothrix  rosea,  Jnrine. 

(Plate  0.    Fijsrs.  5,  6, 11,  and  18.) 

ManoctUua  roaeus,  jdbtnb. 

Jjynceiis  roaeuf,  dbsmabbst. 

Daphnia  rosea,  m.  bowabdb,  jubebll. 

Echintgea  rosea^  libvik. 

Macrothrix  rosea,  baibd,  lilljebobo«  p.  b.  mukllbb,  bibgb. 

The  body  issub-oval^  terminating  behind  in  an  acute  angle;  the 
lower  margin  is  less  conspicuously  spined  than  the  last  or  the 
following;  the  antennae  are  but  slightly  dilated  at  the  end  and 
nearly  straight.  The  longest  seta  of  the  antennae  is  longer  than 
in  the  last,  reaching  beyond  the  tips  of  the  terminal  setae;  abdo- 
men more  slender,  sinuate  in  front,  beset  with  short  hairs. 

Length  0.6  mm,  male  0.3  mm.  The  male  has  no  claws  on  the  end 
of  the  post-abdomen,  and  the  antennules  are  curved  and  elongated. 
Figures  5  and  13  are  copied  from  Birge. 
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8p.  3.    Macrothrix  tennieomis,  Eurz. 

(Plate  C.    Figs.  1 , 1  a,  2,  3,  and  12.) 
(See  Notes  on  Gladocera  of  Bflnnesota,  p.  245.) 

The  body  is  oval,  produced  posteriorly  inja  sharp  point;  the  ab- 
domen is  strongly  arched,  while  the  upper  ontline'of  the  head  is  a 
regular  curve  or  slightly  extended  in  front  fof  the  eye;  the  an  ten* 
nules  are  long,  nearly  straight  and  a  veryj  little  narrowed  toward 
the  end,  just  in  front  of  which  is  a  series  of  short  teeth;  there  is  no 
lateral  spine,  but  a  strong  terminal  one  in  addition  to  the  sensory 
filaments;  the  pigment  spot  is  large,  the  eye  small  and  the  lobus* 
opticus  well  separated  from  the  ganglion;  the  antennae  have  a  very 
powerful  basal  joint;  the  elongated  seta  is  very  stout  and  densely 
spiny,  with  a  tooth  at  its  flexure;  two  of  the  terminal  setae  are 
spiny,  for  the  basal  half;  the  valves  are  beset  with  very  long  spines 
in  sets  of  three  each,  all  having'different  positions;  the  abdomen  is 
nearly  as  in  M.  rosea,  but  the  posterior  margin  has  a  series  of  long 
sharp  teeth;  the  mandibles  are  nearly  completely  exposed  by  the 
arched  anterior  margin  of  the  valves. 

The  labrum,  in  this  species,  is  an  odd  link  between  that  of  the 
Daphnidse  and  Lynceidae.  The  basal  segment  is  greatly  enlarged 
and  is  sub-triangular  in  outline,  with  a  movable  lip  attached  to  the 
inner  free  face;  the  typical  daphnoid  structure  is  preserved,  but  the 
enlarged  salient  angle  of  the  basal  portion  shows  how  the  transi- 
tion to  the  great  triangular  labrum  of  Alona,  etc.,  is  made.  In 
young  specimens  the  head  is  proportionately  larger,  the  antennules. 
are  broader  at  the  tip,  and  the  dorsal  outline  is  less  convex;  the 
marginal  spines  of  the  valves  are  also  proportionally  larger,  as  are 
tbe  appendages  of  the  first  and  last  pairs  of  &et.  This  is  one  of  the 
largest  species  of  the  genus,  0.75  mm.  being  the  length.  This^ 
is  very  close  to  M.  rosea  but  seems  distinct. 

This  form  is  quite  common  about  Minneapolis,  Minn.,  but  is  not 
yet  noted  elsewhere  in  America. 

Sp.  4.    Macrothrix  pauper,  Herrick. 

(Plate  C.    Fig.  4.) 

This  species  is  described  from  a  single  specimen[from  L.]Minne- 
tonka,  and  I  can  add  nothing  to  the  very*meager^notice  given 
then.  1 

1  Notes  on  some  Minnesota  Cladocera.    1881.   C.  L.  Herrick. 
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The  body  is  broad  and  very  narrow,  the  lower  outline  is  angled 
and  nearly  unarmed;  the  pigment  fleck  and  eye  are  small  and  ap- 
proximated; antennules  very  long  and  curved  backward  and  out- 
ward; abdomen  short,  ciliate  below;  claws  short,  ciliated.  This 
female  had  a  full  complement  of  eggs  but  the  antennaa  resemble 
those  of  a  male.  This  is  unusually  interesting  and  should  be  redis- 
covered and  studied;  for  there  seems  to  be  some  ai&nity  between 
this  species  and  Bosmina,  and  it  is  probable  that  it  requires  to  be 
distinguished  generically  from  Macrothrix. 

II.    Gbnus  Lathonu&a,  Lilljeborg. 

The  form  is  oval ;  the  head  is  curved  more  than  in  Macrothrix 
and  the  shell  is  more  obtuse  behind,  sinuate  below  where  it  is  beset 
with  short  spines  anteriorly;  first  antennaa  long,  straight;  second 
antennse  with  five  setsB  on  each  ramus;  only  four  pairs  of  feet  ap- 
parent; abdomen  short,  prolonged  upward  to  the  insertion  of  the 
caudal  stylets;  male  similar  but  smaller. 

Sp  1.    JLathonura  rectirostris,  0.  F.  Mueller. 

(Plate  D.) 

VaphniarectiroBtriSt  o.  F.  HURiiLWt. 

P(i8ithea  rectirostrig,  kocu,  Deutschland*s  Erust.,  etc. 

Dap/into  broc^yura,  ZADDACH,  Syn.  Cruse,  pruisieoram.     lijcvin,  Die  Branch,  d. 

Daiizlger  Gegend. 
Daphnia  mystctcina,  fischbr.  8t.  Petersb.  Branohiop, 
«    JLathonura  rectirostris,  lilljbbobg,  De  Crust,  ex  ord.  trlb. 
Pcaithearectriroittris,  leydio,  NaturK.  d.  Dapb. 
Lathonura  rectirostrig,  noeman  and  bhady,  Monogr.  Brit.  Bnt. ;    P.  s.  muelleb, 

Dan  mark's  Ciadocera. 
Lathonura  spinosa^  sohosdlbr,  Branohiop.  d.  Umg.  v.  Berlin. 
PasithearectirostrU.GRUBKK  and  wbismann,  Ueber  elnlge  neue  od.  unvollk.  ge- 

kannte  Daph. 
Lathonura  rectlrostrUf,   bibob,  Notes  on  Ciadocera.    hbbbick.  Notes  on  Minnesota 
Ciadocera. 

The  only  species  of  the  genus  is  distributed  probably  over  the 
entire  northern  temperate  zone.  It  has  been  found  in  America  at 
Cambridge,  Mass.,  and  in  the  vicinity  of  Minneapolis,  at  both  of 
which  places  it  is  Yery  rare. 

The  form  is  a  rather  quadrangular  oval,  the  head  being  strongly 
arched  to  the  beak  which  is  much  farther  posterior  than  in  Macro- 
thrix, in  this  respect  resembling  the  Daphnidae;  the  eye  occupies 
the  center  of  the  lower  part  of  the  head  mar&:in,  and  is  of  moderate 
size;  the  pigment  fleck  is  near  the  base  of  the  antennules  and  well 
removed  from  the  eye;  the  antennae  are  straight  and  long,  with  a 
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sensory  bristle  near  the  base  in  front  and  two  bristles  a  third  from 
the  end;  the  second  antennae  are  furnished  with  a  powerful  basal 
joint,  while  each  of  the  main  subdivisions  of  the  rami  has  its  bristle, 
which  are  nearly  equal:  two  of  the  terminal  setae  are  toothed  for 
the  basal  half  and  pectinate  distally,  but  the  others  are  feathered 
throughout;  the  four-jointed  ramns  has  a  spine  on  the  second  joint 
and  a  longer  one  at  the  end,  and  all  the  joints  of  both  rami  are  orna- 
mented with  triple  series  of  spines;  the  maxillae  are  three-spined  at 
the  end  and  are  in  almost  constant  motion;  the  first  pairs  of  feet 
have  curious  comb-like  bunches  on  some  of  the  setae;  the  abdomen 
is  very  short  and  terminates  in  inconspicuous  teeth,  the  posterior 
part  of  the  abdomen  being  ornamented  with  teeth  flattened  longi- 
tudinally so  as  to  look  like  spines  from  the  side;  the  last  foot  is 
simple  but  bears  a  large  appendage;  the  posterior  third  of  the  shell 
is  fringed  by  extremely  minute  spines,  but  anteriorly  by  lanceolate 
stiff  spines  flattened  longitudinally  like  the  spines  of  the  abdomen; 
the  caudal  setae  are  seated  on  a  high  prominence  of  the  abdomen, 
and  are  fringed  along  their  whole  length,  not  merely  at  the  end. 
The  female  is  1  mm.  long,  the  male  0.5 — 0.6  mm.,  in  which  sex  the 
antennules  have  more  numerous  lateral  bristles,  the  first  foot  has 
a  claw  and  the  back  is  less  elevated.  The  semen  bodies  are  irre- 
gularly round  with  small  nuclei. 

III.    Genus  Stbeblogerous,  Sars. 

In  form  like  Macrothrix  laticornis,  head  terminating  in  a  long 
rostrum  bearing  the  long,  twisted  antennules.  Antennnles  very 
large,  curved  backward  and  outward.  Head  not  separated  by  a 
destinct  depression  from  the  body,  very  high,  slightly  arched  above, 
abrubtly  curved  below  with  spines  upon  the  margins.  The  anten- 
nae are  large;  four-jointed  ramus  much  the  longer,  with  four  setae. 
Labrum  with  a  large  process.  Post-abdomen  as  in  Macrothrix  lati- 
cornis. Eye  near  the  beak  ;  pigment  fleck  small,  below  it  at  the 
base  of  the  antennules.  Length  .33  mm.  S.  minutus  is  the  only 
species. 

Our  Macrothrix  pauper  seems  a  near  approach  to  this  genus; 
both  have  a  strong  spine  or  claw  on  the  first  foot  which  projects 
beyond  the  shell,  but  there  are  many  differences,  M.  pauper  is 
1  mm.  long. 
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IV.    Gbkus  Drepanothbix,  Sars. 

The  head  not  separated  from  the  valves  by  a  depression;  fornices 
moderate;  rostrum  rather  acute,  distant  from  the  anterior  edge  of 
the  valves.  The  form  is  subrotund;  reticulate,  with  the  margins  of 
shell  fringed  below  by  long  movable  spines;  pigment  fleck  present; 
swimming  antennse  with  three  ciliated  setas  on  the  4-jointed  ra- 
mus, the  3-jointed  ramus  with  its  basal  joint  armed  with  an  un- 
jointed,  strong,  spinous  seta  and  four  ciliated  setae  on  the  remain- 
ing joints.  The  post-abdomen  is  broad.  The  male  has  longer  an- 
tennae and  a  hook  on  the  first  foot. 

Sp.  1.    Drepauothrix  dentata,  Earen. 

(Plate  C.    Fig.  14.) 

AcantholeberU  dentata,  BURair. 
Drepanothrix  aetigerat  bars. 
Drepanothrix  Tiamato,  sabs. 

This  animal  is  only  0.5  mm.  in  length.  The  antennules  are 
laterally  curved  in  the  middle  and  ornamented  with  notches  on  the 
margins;  the  pigment  fleck  is  quadrate  and  rather  large;  the  post* 
abdomen  is  truncate  at  the  end,  convex  behind  and  ornamented 
with  a  series  of  small  spines.    Only  found  in  Scandinavia  as  yet. 

V.  Oenus  Aoaniholebebis,  Lilljeborg. 

Head  separated  by  a  depression  from  the  body,  with  fornices 
above  the  base  of  the  swimming  antennae;  rostrum  erect,  rather 
acute;  shell  oblong,  truncate  behind,  ciliate  below  with  long  setae; 
macula  present;  antennules  rather  long,  movable,  sensory  setae 
terminal,  bifid  at  the  apex. 

The  tri-articulate  ramus  has  a  long  spiny  seta  on  the  basal  joint; 
feet  six  pairs;  no  abdominal  process;  post-abdomen  wide,  large;  in- 
testine without  caeca. 

Sp.  1.    Acantholeberis  curvirostriSy  Mueller. 

Laphnia  curvirostriH,  o.  f.  mubllbr. 
Acanthocerntu  rigidtUt  bchobdlbr.  ltbvin. 
Acantholeheria  curvirostrU^  ltlljbboro,  p.  k.  MUELiiER. 

This  species  of  a  genus  approximating  the  Lynceids  has  not  yet 
been  f  jund  in  America  but  is  to  be  expected. 

The  abdomen  is  rounded  toward  the  end  and  spiny  posteriorly; 
the  terminal  claws  are  furnished  with  two  strong  teeth  at  the  base. 
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followed  by  a  series  of  fringing  bristles.    The  length,  according  to 
Mueller,  is  1.5  mm.    This  is  a  rare  form  in  Europe. 

VI.    Gbkus  Ofbtoxus,  Sars. 

The  single  species  constituting  this  genus  seems  to  have  been 
seen  by  no  writer  save  Sars.  At  the  time  my  previous  paper  on 
Cladocera  was  published,  Sars^  description  seemed  not  to  apply  to> 
the  form  called  Lyncodaphnia.  Since  then  several  stages  in  the 
growth  of  Lyncodaphnia  have  been  encountered,  which  so  far  agree 
with  what  is  said  of  Ofryoxus  gracilis  that  it  is  doubted  if  the  two 
forms  are  not  identical. 

vn.    Genus  Lyncodaphota,  Herrick. 

(Plate  B.  Figs,  12, 15;  Plate  Bi,  FIks.  1, 3.) 

Body  elongated,  somewhat  rectangular  as  seen  from  the  sidcr 
greatest  width  and  hight  of  shell  a  little  posterior  to  the  heart; 
head  separated  by  a  depression  from  the  body,  truncate  below; 
antennae  and  antennules  much  as  in  Macrothrix;  4-jointed  ramus 
of  antennae  with  no  lateral  setae;  eye  small,  pigment  fleck  present: 
intestine  twice  convoluted,  expanded  posteriorly,  with  anterior  but 
no  posterior  caeca,  opening  near  the  *'  heel "  of  the  post-abdomen : 
post-abdomen  large,  triangular;  terminal  claws  long,  rather  straight,, 
with  two  accessory  spines  at  the  base. 

The  species  upon  which  this  genus  was  founded^  occurs  in 
August  and  September  in  the  larger  lakes  of  Minnesota. 

Lyncodaphnia  is,  as  was  suggested,  a  curious  transition  form 
linking  the  Daphnidae  with  the  Lynceidae. 

A  farther  study  of  the  genus  shows  that,  in  some  respects,  it  is 
more  closely  allied  to  both  groups  than  before  suspected.  The  habit 
and  appearance  in  the  water  reminds  us  of  Simocephalus,  a  re- 
semblance which  an  occasional  spot  of  pink  or  blue  color  hightens. 

L.  macrothroides  not  only  has  the  disc-like  last  foot  colored  but 
the  swimming  antennae  are  banded  with  purple  as  in  Simocepha- 
lus  rostratus.  Her.,  and  S.  americanus,  Birge.  The  intestine  has 
anterior  caeca,  which  is  not  the  case  in  lynceids  nor,  indeed,  in 
other  Lyncodaphnidae. 

The  four-jointed  ramus  of  the  antennae  approaches  Lynceidae  in 
the  absence  of  a  lateral  seta,  but  the  other  ramus  is  as  in  Macro- 
thrix. The  convolution  of  the  intestine,  the  form  of  the  post- 
abdomen  and  the  situation  of  the  anus,  are  all  of  a  strictly  lynceid 

1  Notes  on  Minnesota  Oladoeera,  p.  247. 
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type;  moreover  the  flattened  appendage  of  the  last  foot  is  like  that 
of  Eurycercus. 

Even  in  the  form  of  the  shell  there  is  a  combination  of  charac- 
ters;  the  anterior  part  of  the  shell  has  the  form  peculiar  to  Lynco- 
daphnidse;  but  posteriorly  it  again  expands  and  becomes  truncate  be- 
hind; the  form  in  the  adult  is  not  unlike  that  of  some  Lynceidse^ 
but  the  young  has  a  long  spine  posteriorly  exactly  like  the  spine 
of  Daphnia.  The  latter  fact  is  very  instructive,  for  it  indicates  that 
the  theory  proposed  (Am.  Naturalist,  1882,  p.  815)  to  explain  the 
origin  of  this  appendage  is  probably  the  correct  one.  Professor 
Leuckart  suggested  that  this  spine  was  a  balancing  rod  intended 
to  keep  the  proper  equipoise  over  the  center  of  gravity;  but  it  is 
difiScult  to  see  why  these  long-bodied  forms,  in  which  the  greater 
part  of  the  weight  lies  "abaft"  of  the  pivotal  point — the  base  of  the 
antennsB — should  be  thus  provided  while  the  shorter  forms  are  not. 
We  conceive  that  it  is  an  apparatus  for  effecting  the  moult  of  the 
inner  lining  of  the  brood  cavity  of  long-bodied  and  tender-shelled 
animals  such  as  Daphnia  and  the  present  genus.  The  great  develop- 
ment of  the  head  in  the  crested  Daphnidse  may  undoubtedly  be  ex- 
plained upon  Prof.  Leuckart's  theory, 

Sp.  1.    liyncodaphnia  macrothroideSy  Herrick. 

(Perhaps  =  Ofryoxus  gracilis,  Sara.) 
Not£8  on  Cladocera  of  Minn, ,  p.  247. 

Sub-rectangular,  greatly  elongated,  truncate  behind,  with  a 
slight  spine  above;  head  and  eye  small,  fornix  moderate,  beak 
truncate;  antennules  rather  long,  slightly  curved,  tapering  a  little 
toward  the  end,  whence  spring  three  lanceolate  spines  and  several 
sensory  filaments,  five  stout  spines  behind,  above  the  middle,  and 
several  more  slender  ones;  swimming  antennae  very  long,  terminal 
setse  smooth  to  the  joint;  labrum  as  in  Daphnia;  mandible  attached 
behind  a  salient  angle  of  the  front  margin  of  the  shell;  no  ab- 
dominal processes;  post-abdomen  broad  above,  triangular;  terminal 
claws  pectinate,  furnished  with  one  very  large  toothed  accessory 
spine  and  a  smaller  one;  the  firstfoot  has  a  hook  ;  the  last  foot 
consists  of  a  large  oval  plate  which  bears  posteriorly  the  ordinary 
branchial  coil,  here  shaped  like  a  thumb  and  forefinger.  The  young 
is  of  a  different  shape  and  bears  a  long  spine.  The  male  is  unknown. 


Digitized  by  VjOOQIC 


76  TWELFTH  AJSrSXSAL  REPORT. 


vni.    Genus  Ilyooryptus. 

Form  compact,  shorfc;  head  short,  triangular,  with  large  fornices 
forming  a  roof  over  the  head;  the  posterior  margin  of  shell  nearly  as 
long  as  the  inferior;  lower  angle  a  broad  curve;  antennules  two- 
jointed,  basal  joint  very  short,  second  joint  straight,  rather  long; 
setse  terminal,  but  one  seta  near  the  base;  the  four-jointed  ramus 
of  the  antenna  with  but  three  (terminal)  setae;  six  pairs  of  feet,  last 
pair  rudimentary;  tail  large,  as  in  Lyncodaphnia,  anus  elevated; 
intestine  straight,  without  caeca,  but  an  expansion  near  the  rectum 
sometimes  simulates  one;  the  margin  of  the  shell  is  bordered  with 
long  spines,  which  may  be  branched  or  simply  pectinate.  There  is 
often,  perhaps  generally,  a  failure  to  entirely  remove  the  moulted 
shell;  when  this  occurs,  the  newly-formed  shell  from  each  moult 
remains  under  the  older  ones  till  the  animal  seems  to  be  wearing 
six  or  more  overcoats,  and  the  spaces  so  formed  become  filled  with 
algae  and  filth  till  the  animal  is  no  longer  able  to  swim.  P.  E. 
Mueller  and  Eurz,  who  seem  to  have  seen  cnly  I.  sordidus  agree 
that  Ilyocryptus  can  not  swim,  but  poles  along  in  the  mud  on  the 
bottom  by  means  of  antennse  and  abdomen;  our  I.  spinifer,  on  the 
other  hand,  swims  freely  till  loaded  up  with  old  clothes  and  filth. 

This  genus  is  also  closely  allied  with  the  Lynceidae. 

Sp.  1.    Ilyocryptus  sordidus,  Lievin. 

(Plate  C.    Figs.  15, 16, 17.) 

AcanthocereuLs  eordiduit  libvin,  lbydio. 

Ilyocryptus  sordidus,  sabs,  mobmann,  p.  b.  mubllbb,  kubz. 

Body  higher  than  long;  head  small,  terminating  anteriorly  in 
almost  a  right  angle;  posterior  part  of  the  shell  margins  covered 
with  branching,  thorny  spines;  antennules  cylindrical;  antennae 
short:  four-jointed  rami  with  no  lateral  setae;  post-abdomen  large, 
broad;  terminal  claws  with  two  spines  at  the  base;  anus  in  the 
middle  of  the  posterior  margin,  which  is  very  heavily  armed  with 
spines;  a  hairy  abdominal  process  is  present  according  to  Kurz. 

There  are  no  anterior  caeca  (my  statement  that  P.  E.  Mueller 
described  such  caeca  was  an  error;  see  Notes  on  Cladocera  of  Minn., 
p.  246). 
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Sp.  2.    Ilyocryptus  spinifer,  Herrick. 
(Plate  C.    Figs.  18-19.) 
Usually  longer  than  high;  head  rounded,  almost  exactly  like  T» 
sordic^uB,  but  the  form  of  the  post-abdomen  differs  a  little  in  the 
higher  situation  of  the  anus  and  the  great  elongation  of  four  or 
five  of  the  lower  spines  of  the  posterior  margins;  the  margins  of 
the  shell  are  beset  with  pectinate  setae  which  do  not  branch.    The 
nearest  approach  to  branching  setae  yet  seen  are  figured  on  plate  C, 
fig.  18  a;  this  consists  in  the  outgrowth  of  a  spine  from  near  the 
base,  and  such  setae  are  found  only  on  part  of  the  posterior  margin. 
It  seems  that  our  form  is  rather  close  to  I.  sordidus  thotigh 
clearly  distinct. 

,  This  species  occurs  in  many  of  our  lakes,  and  is  found  most  fre- 
quent in  late  summer. 

Sp.  3.    Ilyocryptus  acutifrous,  Sara. 

This  species  is  only  mentioned  in  the  appendix  to  the  paper  of 
Sars  on  the  Cladocera  from  the  vicinity  of  Ghristiania.  The  follow- 
ing is  a  condensation  of  the  description. 

Head  large,  acute  in  front.  Shell  truncate  behind,  with  shorter 
setae  behind  than  below.  Antennules  shorter  and  thicker  than  in 
I.  sordidus.  Antennae  long  and  robust.  Abdomen  with  a  short, 
obtuse  process.  Post-abdomen  shorter  than  in  I.  sordidus,  posterior 
margin  continuous,  anus  terminal;  caudal <claws straight,  very  ISng, 
with  two  minute  basal  spines.  Figment  fleck  almost  touching  the 
eye.    Length  less  than  in  I.  sordidus. 

This  species  seems  in  some  respects  more  like  a  true  lyncodaph- 
nid  than  either  of  the  other  species.  It  is  doubtful  if  it  belongs 
here. 

FAMILY  LYNCEID^. 


OBKBBA. 
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Out  of  the  fourteen  genera,  two  (or  perhaps  only  one)  are  not 
yet  known  from  America,  while  one  is  restricted  to  it.  The  Amer- 
ican species,  45  per  cent  of  which  are  new,  aggregate  72  per  cent 
of  the  European.  54  per  cent  of  all  the  known  species  are  Amer- 
ican, and  most  of  these  have  been  found  within  a  range  of  ten  miles 
of  Minneapolis.  It  is  probable  that  the  number  of  species  peculiar 
to  America  is  too  high  proportionately  rather  than  the  reverse,  and 
the  comparatiyely  high  per  cent  of  new  species  is  dae  to  an  actual 
larger  fauna  in  the  New  World,  while  many  Old  World  species 
remain  to  be  identified.  A  few  of  the  European  species'are  very 
likely  synonyms,  permitting  farther  reduction. 

This  family,  which  is  numerically  the  largest  among  the  Clado- 
cera,  is,  in  the  main,  well  limited,  though  there  are  transitions  to- 
ward the  LyncodaphnidsB,  which  are  quite  direct.  The  genera 
Lyncodaphnia,  Ofryozus  and  Ilyocryptus  lead  toward  the  Lynceidee 
unmistakably.  Most  of  the  members  of  this  family  are  small,  com- 
paratively few  exceeding  one  millimeter  in  length.  The  head  is 
covered  with  an  arched  shield,  which  frequently  passes  with  no  in- 
dentation into  the  shell  of  the  body.  This  head-covering  generally 
extends  forward  and  downward  to  form  more  or  less  of  a  sharp 
angle  in  front,  while  in  several  genera  it  is  simply  rounded  in  front. 
It,  in  either  case,  arches  over  the  more  fleshy  lower  side  of  the  head 
from  which  hang  the  two  short  antennules  and  the  labrum,  while 
tha  strong  two-branched  antennae  spring  from  well  up  under  its 
posterior  expansion.  The  rounded  sides  of  this  shield,  which  pro- 
tect the  insertion  of  the  antennae,  are  called  the  fomices.  Above 
the  insertion  of  antennules  is  a  dark  fleck  lying  near  or  on  the 
lower  angle  of  the  brain;  this  is  the  larval  or  nauplius  eye,  which 
is  the  flrst  to  appear  in  all  these  small  Crustacea.  This  macula 
nigra  is  not  infrequently  as  large  as  the  eye  itself,  *  or  even  larger, 
and  in  one  genus  it  is  the  only  visual  organ.  The  antennules 
are  small  and  bear  on  the  end  several  sensory  filaments  as  well  as 
a  lateral  flagellum.  The  antennules  of  the  male  di£Per  very  little 
from  those  of  the  female.  The  labrum  is  furnished  with  a  process, 
which  is  triangular  or  semicircular  and  is  usually  larger  than  the 
terminal  portion.  The  mandibles  are  as  in  Daphnidae  but  usually 
shorter.  Maxillae  are  often  conspicuous,  but  the  first  pair  of  feet 
serve,  by  a  slight  alteration  at  the  base,  the  same  purpose.  There 
is  rarely  an  indication  of  the  sixth  pair  of  feet,  and  the  antennae 
have  both  rami  three-jointed.    The  terminal  part  of  the  body,  or 

*  Tbe  name  "Lyneeus"  is  derived  from  tbat  of  the  son  of  Aphareus  who  was  famous 
(or  the  sharpness  of  his  vision. 
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post-abdomen,  is  usually  enlarged,  and  the  anal  opening  is  near  its 
base;  the  armature  is  usually  considerable.  The  form  of  the  post- 
abdomen  is  one  of  the  best  criteria  for  distinguishing  genera  and 
species — a  process  often  attended  with  much  difficully. 

The  shell  is  of  various  forms,  frequently  beautifully  sculptured. 
The  number  of  eggs  produced  at  one  time  is  limited,  and  the  winter 
«ggs  are  very  often  laid  in  the  brood-cavity  with  no  preparation  of 
the  shell  previous  to  it,  in  other  words,  the  ephippium  may  be  ab- 
^nt.  On  the  other  hand,  sometimes  the  shell  is  considerably  modi- 
fied, and  generally  there  is  a  deposit  of  dark  pigment  in  the  upper 
part  of  the  shell.  The  males  are  very  rare  and  until  recently  few 
were  known.  The  diligence  of  Eurz  has  added  a  great  many,  and 
we  now  have  a  fair  idea  of  the  sexual  variations.  These  consist 
usually  in  a  narrower  body  and  shorter  beak,  in  a  strong  hook  of 
•chitin  on  the  first  foot  and  certain  modifications  of  the  post-abdo- 
men. The  hook  mentioned  is  simply  an  enlargement  of  one  of  the 
terminal  bristles  of  the  foot,  and  serves  to  fasten  the  animal  to  the 
«hell  of  the  female.  In  one  American  species  of  Pleurozus  we  find 
an  approach  to  this  structure  in  the  female — an  interesting  example 
of  inheritance  of  sexual  peculiarities  across  the  sexes.  The  altera- 
tions in  the  form  of  the  post-abdomen  consist  in  a  narrowing  or 
•excavation  of  that  organ  to  permit  its  introduction  into  the  brood- 
•cavity,  and  in  some  forms  (Ghydorus)  this  change  can  only  be 
understood  by  observing  the  form  of  the  shell  of  the  female  about 
to  produce  winter  eggs.  In  general,  as  in  other  Cladocera,  males 
are  found  only  at  the  period  when  the  females  are  sexually  perfect. 
The  ordinary  method  of  reproduction  is  by  virgin-bearing  or  par- 
thenogenesis. In  some  cases  it  would  seem  from  Weismann^s  ob 
nervations  that  the  sexual  method  occurs  only  incidentally.  The 
orifice  of  the  male  organs  is  between,  or  anterior  to,  the  terminal 
•claws  of  the  post-abdomen  (Eurycercus  alone  excepted).  The  males 
are  usually  but  not  always  smaller.  Plate  E  gives  views  of  typical 
LynceidaB.  Fig.  1  is  particularly  instructive,  for  in  it  the  details 
which  can  be  usually  made  out  in  the  living  object  are  represented. 
The  following  points  may  be  especially  noticed.  The  large  size  of 
the  pigment  fleck,  the  large  antennules(A'),thekeel  of  the  labrum 
<Lb.),  the  peculiar  modification  of  the  first  pair  of  feet  to  assist  the 
maxillae  (not  shown)  which  are  exceedingly  small,  the  largely  de- 
ireloped  anal  gland  (A.  g.),  the  form  and  muscular  mechanism  of 
the  abdomen,  which,  however,  is  better  illustrated  by  fig.  10  of  the 
«ame  plate.  Fig.  1  contains  an  embryo  seen  from  the  side  with  the 
partially  developed  limb.    Fig.  3  shows  the  appearance  of  a  differ- 
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ent  embryo  from  below  and  in  an  earlier  stage.  Fig.  2  illustrates 
the  relation  of  the  brain  to  the  eye  and  the  very  small  optic  gang- 
lion. Fig.  9  of  plate  0  gives  details  of  the  feet  in  another  species^ 
and  the  modifications  seen  in  the  male  of  the  same  species  are  suffi- 
ciently shown  in  fig.  1  of  the  same  plate,  which  also  well  illustrates 
the  various  sculpture  of  the  shell  displayed  by  this  group.  Figures 
4  and  9  of  plate  F  show  curious  modifications  of  the  post-abdomen 
of  the  male,  and  fig.  7  exhibits  the  structural  peculiarity  of  sexually 
perfect  females  which  is  correlated  with  it  or,  perhaps  we  may  say,, 
occasions  it. 

SUB-FAMILY  1.— EURYCERCIN^. 

A  single  species  constitutes  the  sub-family,  and  it  will  be  necess- 
ary to  point  out  only  those  points  which  are  distinctive. 

The  Eurycerciuie  differ  from  the  true  Lynceidse  and  approach  the 
Lyncodaphnidse  in  having  the  digestive  tract  not  coiled,  with  two 
cddca  in  front  and  the  anus  at  the  end  of  the  post-abdomen.  Many 
eggs  are  produced  at  once.  The  male  opening  is  at  the  base  of  the 
abdomen,  as  in  Sididse.  The  general  habitus  is,  however,  lynceid. 
The  males  appear  in  autumn  or  when,  by  the  gradual  drying  up  of 
the  water  or  other  causes,  the  continued  existence  of  the  animals  is 
threatened. 

I,    Genus  Eubyoebcus,  Baird. 
Characters  of  the  sub-family. 

!Earycercus  lamellatus,  0.  F.  Mueller. 

(Plate  H,    Figs.  6-6.) 

LynceUM  UmdUUUB,  MUKLLER,  KDWARD8,  KOCH,  ZADDAOH.  LIieVIN,  LRTDIO.  ZKNKEK 
Eurycereus  lameUatua,  BAIRD,  LILLJIEBOBO,  80HOKDLBB,  P.  B.  MCBLLBB,  KUBZ,  BIBGE,. 

HBBBTCK. 
Eurycereus  UUicaudaiut,  FI8CHBB,  8CH0EDLBB. 

A  gigantic  lynceid,  reaching  the  dimension  of  3  mm.  The  figure 
of  the  male  given  will  sufficiently  illustrate  the  general  form.  The 
abdomen  is  broad  and  armed  behind  with  a  dense  row  of  saw-teeth. 
The  eye  is  larger  than  the  rather  small  pigment  fleck,  and  the  in- 
testine is  bent  upon  itself  but  not  coiled.  The  last  foot  is  found  in 
few  other  LynceidaB.  Acroperus  has  the  same,  and  Pleuroxus  uni- 
dens  also  has  a  rudimentary  sixth  foot. 
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SUB-FAMILY  II.— LYNCEIN^. 

Intestine  coiled;  anus  near  the  end  of  the  post-abdomen;  open- 
ing of  vas  deferens  nearly  terminal.  There  are  no  anterior  caeca 
bat  asually  a  single  anal  diverticle  of  the  intestine.  Rarely  or  never 
more  than  two  embryos  produced  at  once. 

Series  A. 

Head  or  dorsal  line  keeled  or  ridged ;  abdomen  long ;  shell  marked  with  diagonal 
striae.  This  section  is  proposed  for  the  old  genera  Camptooereos,  Acropenis  and  Alo- 
Bopsis,  which  seem  te  form  a  natural  group  though  passing  directly  into  Al  ina. 

u.— Gkntjs  Camptogbbous  {>Camptocercu8,  Baird). 

This  easily  recognizable  genus  contains  two  groups,  each  with 
several  nominal  species,  which  are  distinguished  mainly  by  the 
width  of  the  post-abdomen.  In  both  the  shell  is  elongated,  more 
or  less  quadrangular,  longitudinally  striate,  armed  behind  with  one 
to  four  minute  teeth.  The  head  and  back  are  keeled  and  the  former 
strongly  arched.  The  antennules  rarely  extend  beyond  the  beak 
and  are  commonly  curved  laterally.  The  eye  is  proportionately 
small.  The  post-abdomen  is  long  and  furnished  with  a  lateral  row 
of  scales.  The  terminal  claws  have  a  single  basal  spine  and  are 
serrate.  There  is  an  ephippium,  and  the  male  opening  is  in  front 
of  the  terminal  claws. 

STJB-GEinrs  1.— AoROPBEUB,  Baird. 

Post-abdomen  broad,  margins  parallel;  anal  teeth  very  minute 
lateral  scales  large  and  usurping  their  place.  Antennae  with  eight 
setae  O.    Three  species  are  described,  one  of  which  is  very  abund- 
ant in  Minnesota. 

Sp.  1.    Acroperus  leuoocephalus,  Koch. 
(Plate  E,  Fig.  5.    Plate  I,  Fig.  9.) 

Lyneeua  Uueoeephalut,  KOCH,  FI8GHBB. 

Aeropenu  hoTpm,  BAIBD. 

AeropenuUueoe^phahu,  SCHOBDUBR,  P.  B.  MUJELLBR,  XT7BZ. 

Aenpenu  «p.,  HBBBICK. 

Aeroptnu  tMahu,  jvvni^  M.  BDWABD8,  ulsyiir,  Ln.LJBBOBO,  LBTDVO,  ete.,  seems 
to  belong  here,  but  I  am.  able  to  add  nothing  to  the  eluci- 
dation ol  the  puzzle. 

Body  rounded  above,  angled  behind;  head  moderately  arched  and 
carinated.    Lower  margin  of  the  shell  pectinate,  terminating  in 
6 
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two  teeth.  The  antennsB  are  long  and  when  refiexed  the  setas 
reach  nearly  to  the  posterior  margin  of  the  shell.  The  posterior 
angle  is  not  always  as  prominent  as  shown  in  fig.  5. 

Sp.  SB.    Acroperns  angustatns,  Sars. 
(Plate  I.  FiR.  10.) 

Aonpenu  angtulatutt  P.  B.  HUSLUEB,  KUBZ. 

This  species  is  distinguished  from  the  former  by  the  head,  which 
is  higher  and  very  strongly  arched.  The  dorsal  contour  is  nearly 
straight.  The  antennae  are  shorter.  The  form  of  the  post-abdomen 
of  the  male  is  less  different  from  that  of  the  female  than  in  the 
above.    The  length  of  both  species  is  about  0.7  mm. 

The  American  form  figured  in  fig.  5  of  plate  E  differs  from  both 
the  above  slightly.  The  head  is  carinated  and  incurved  almost  as 
ill  C.  angustatus;  the  antennae  fall  a  little  short  of  reaching  the 
posterior  margin  of  the  too  low  and  oblong  shell;  there  is  an  ob- 
vious depression  between  the  head  and  body.  However,  in  the  main 
there  is  close  agreement  with  G.  leucocephalus,  to  which  it  has  been 
previously  referred.  There  is  always  a  rudiment  of  an  additional 
pair  of  feet. 

A.  cavirostris^  P.  E.  Mueller,  is  not  known  in  the  female  sex. 
The  male  has  a  twisted  caudal  claw. 

SuB-GBNUS  2.— Camptocbrcus,  Baird. 

Although  the  general  form  is  similar  to  the  last  section,  the  body 
is  usually  longer;  the  post-abdomen  narrows  toward  the  end;  the 
anal  teeth  exceed  the  lateral  row;  the  antennae  have  usually  but 
seven  setae  Grr)- 

The  species  enumerated  are  so  closely  related  as  almost  to  baffle 
definition. 

Kbt  to  thb  Sub-gbkus  Camptooercxts  (verus). 

Beak  pointed, 
(a)  Head  depressed. 

I.    Pigment  fleck  larger  than  tbe  eye. 

1.  a  biterratus,  SCHORDLRB. 

II.    Pigment  fleck  smaller  thau  the  eye. 

2.  C.  maerunu,  O.  F.  MUBLLXB. 
(h)  Head  directed  forward.     , 

3.  C.  reotirMtritt  80B0BDLBB. 

Beak  truncate  below. 

4.  C.  laHro9trU,  KVtLZ. 
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Beak  cleft  below  Or  with  a  forward  projection. 

(a)  Antennules  shorter  than  the  heak. 

5.    C.  UmAorgii,  nCHOm>JMB,. 

(b)  ADtennules  longer  than  the  beak. 

6.    a  rolufidtM,  HBHBIOK. 

Sp.  1.    Camptocerciis  biserratus,  Sohoedler. 

(Plate  I.   Pig.  4.) 
• 

Is  very  nearly  related  to  the  next,  from  which  it  is  distinguished 
•chieiiy  by  the  fact  that  the  pigment  fleck  is  larger  than  the  eye. 
Schoedler  overlookbd  the  fact  that  in  G.  macruras  there  is  a  lateral 
line  of  scales  on  the  abdomen,  and  relied  upon  that  character  to 
distinguish  this  form.  (Schoedler  says  that  the  pigment  fleck  in  C. 
macrarus  is  smaller  than  the  eye,  P.  E.  Maeller  says  they  are  nearly 
equal,  while  in  our  specimens  they  are  much  smaller  or  nearly 
«qual.)  If  much  variability  is  found,  Schoedler^s  species  seems  to  rest 
on  a  slender  basis.  The  basal  spine  of  the  claw,  however,  seems  to 
be  peculiar  in  sitting  on  a  distinct  prominence. 

Sp.  2.    Camptooercua  macruriu,  Mueller. 
(Plate  E.   Figr.  10.) 

Lyiueut  maeruriM,  LILLJBBOBG,  8GH0BDLBB,  P.  S.  MDBLLBB,  KUBZ,  BIBQB,  HBBBICK. 

This  universally  distributed  species  occurs  in  our  larger  bodies 
of  water  and  is  not  rare,  though  hardly  abundant. 

The  body  is  long  and  nearly  rectangular;  the  head  -strongly 
arched  and  keeled.  The  keel  of  the  head  is  extended  down  the 
whole  dorsal  line.  The  dorsal  line  is  moderately  curved,  while  the 
shell  is  but  slightly  excavated  below.  The  head  extends  into  a 
blunt  beak  looking  downward;  the  direction  of  the  head  is  some- 
what variable  (from  vertical  to  an  angle  of  about  30^).  The  eye  is 
much  larger  than  the  pigment  fleck;  the  antennules  are  shorter 
than  the  beak,  and  have  one  elongated  terminal  seta.  The  post- 
abdomen  is  very  long  and  has  numerous  anal  teeth  as  well  as  a 
lateral  row  of  scales.  The  basal  spine  of  the  claws  is  large  and  ser- 
rate, the  claw  itself  being  nearly  straight  and  armed  with  an  in- 
creasing series  of  spines  to  beyond  the  middle.  The  lateral  scales 
of  the  post-abdomen  are  inconspicuous.  The  shell  gland  is  long. 
The  antennules  reach  to  almost  the  end  of  the  beak,  are  curved  and 
bear  a  lateral  flagellum.  The  first  foot  of  the  female  has  a  sort  of 
hook  (branchial  sac?).  The  labrum  is  armed  with  teeth  on  the 
posterior  face  of  the  triangular  process.  The  intestine  is  very 
trongly»  almost  twice  coiled.  The  lower  margins  of  the  valfes  are 
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feebly  spined  for  three-fourtbs  their  leni^th,  and  armed  with  from 
one  to  four  teeth  at  the  angle.    Length  0.8  mm.  to  1.0  mm. 

Sp.  3.    CamptooercuB  rectirostrto,  Sohoedler. 
(Plate  I.   FigB.  1— 3.) 

Oamptoeereus  reetin&tHt,  mmOWDUn,  P.  a.  MVBLLKB,  XUBZ. 

Distingnished  from  the  above,  which  it  closely  resembles,  by  the 
form  of  the  head,  which  is  less  rounded  and  directed  anteriorly.  It 
hardly  exceeds  half  the  bight  of  the  body.  The  beak  is  sharp.  I 
am  not  sure  that  Weismann^s  figures  (1.  c,  plate  XI,  figures  13  and 
14)  really  belong  to  this  species,  for  the  drawing  of  the  post-abdo- 
mea  does  not  agree  with  that  of  P.  E.  Mueller  fully.  Outline  copies 
of  the  former  are  given  in  plate  I,  figs.  1  and  2.  The  male  has  a 
hook  upon  the  first  foot.    Not  yet  recognized  in  America. 

Sp.  4.    Camptocercus  latirostris,  Eurz. 
(Plate  I,  Figs.  5-6.) 

a  HOjeborgH,  P.  B.  MUSIXEB  (?X 

Closely  allied  to  the  next,  but  distinguished  by  the  position  of 
the  head,  which  is  a  little  less  depressed,  and,  especially,  by  the 
truncate  beak.  The  dorsal  margin  is  convex  and  crested;  the  lower 
outline  is  also  convex.  The  claws  are  toothed  more  as  in  C.  macru- 
rus  than  the  following.  The  basal  spine  springs  from  the  claw 
itself  and  not  from  the  post-abdomen  as  in  the  next.  Length  OM 
mm.  to  1.0  mm. 

Sp.  5.    Camptocerciis  lill  jeborgii,  Schoedler. 

(Plate  I.   Figs.  7— 80 

Head  depressed,  rounded  in  front:  beak  divided  at  the  end  by  the 
extension  of  the  fomices.  The  terminal  claws  are  pectinate  for 
their  entire  length,  and  the  basal  spine  is  seated  on  the  end  of  the 
post-abdomen.  This  species,  in  the  main,,  closely  resembles  C. 
macrurus. 

Sp.  6.    Camptocercus  rotundus,  Herrick. 

The  second  of  the  two  species  found  in  America  is  this  short, 
strongly  carinated  form,  which  is  known  from  a  single  gathering. 
It  differs  from  all  the  above  species,  with  which  it  agrees  pretty 
well  in  shape,  by  its  more  compact  form;  high  dorsal  keel  (which 
extends  the  entire  length  of  the  body);  the  long  antennules,  which 
extend  far  below  the  beak;  and  the  somewhat  pointed  beak.    The 
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head  is  mach  as  in  the  last,  but  it  is  not  certain  that  the  beak  is 
cleft,  although  it  has  a  pecaliar  form  (not  indicated  in  the  figure) 
near  the  end.  The  length  is  OJ  mm.  The  terminal  setae  of  the 
antennules  are  very  unequal;  but  in  most  points,  as  in  the  armature 
of  the  post-abdomen,  the  details  resemble  G.  macrurus. 

m.— Genus  Alokopsis,  Sars. 

This  curious  genus  includes  three  species  of  small  lynceids, 
which  exhibit  a  combination  of  characters.  The  form  of  the  beak 
and  head  is  like  that  of  Pleuroxus,  which  the  form  and  sculpture  of 
the  shell  otherwise  resembles.  The  back  is  extended  more  or  less 
in  a  knife-like  ridge  above,  thus  resembling  Acroperus,  a  resemblance 
hightened  by  the  excavated  lower  margin.  The  form  of  the  post- 
abdomen  approaches  that  of  Acroperus,  but  in  that  genus  it  is  of 
about  equal  width  throughout  and  in  this  it  rapidly  narrows.  The 
internal  organs  and  feet  are  of  the  typical  lynceid  form,  while  the 
antennae  are  as  in  Pleuroxus. 

The  type  of  the  genus,  A.  elongata,  is  apparently  much  closer  to 
Acroperus  than  the  two  species  which  have  been  identified  in 
America. 

Shell  sub-rectangular,  high,  produced  into  a  ridge  above;  lower 
margin  convex  anteriorly,  concave  behind;  beak  rather  long;  an- 
tennules slender;  antennae  with  eight  setae;  abdomen  long,  nar- 
rowed toward  end,  incised  at  the  extremity;  claw  rather  large,  with 
median  spines  and  a  basal  thorn;  third  foot  with  a  long  bristle. 
Male  smaller,  without  the  carina  above;  orifice  of  sexual  organs  in 
front  of  the  claw,  which  is  removed  from  the  anterior  margin.  The 
young  are  more  elongate  and  (sometimes)  have  hexagonal  reticula- 
tions instead  of  the  usual  strong  diagonal  striae.    Motion  slow. 

Sp.  1.    Alonopsis  elongata,  Sara. 

XynMta  maerwnu,  hiMVlX, 
Lyneeua  mooniriM,  ZBUKEB,  LSTDIO. 
AUma  dcngala,  BABS, 
Atropervu  ini$rmediu»,  80HOEDLEB. 
AJUmoptiM  §l&nga»a,  P.  ■.  MUSLLBB. 

The  shell  is  wide,  the  upper  margin  forming  an  even  curvei 
manifestly  angled  behind;  ventral  margin  nearly  straight,  ciliated 
throughout,  with  a  single  tooth  behind.  Fornices  large;  head  nar- 
row, not  carinate.  Post-abdomen  compressed,  truncate  at  the  end, 
armed  with  a  series  of  marginal  spines  and  of  lateral  scales;  caudal 
.claws  large,  with  a  single  spine  at  the  base  and  two  median  spines 
followed  by  a  series  of  minute  setae. 
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This  form  I  have  never  seen,  and  it  seems  somewhat  doabtfdl  that 
the  following  really  belong  with  it. 

Sp.  2.    Alonopsis  latissima,  Enrz. 
(Plate  E,  Fig.  8.    Plate  G,  Figs.  1  and  9.) 

Body  very  high,  compressed,  with  a  high  dorsal  keel  or  ridge; 
the  upper  outline  strongly  and  evenly  arched,  terminating  be- 
hind in  no  angle;  lower  margin  almost  angled  at  the  anterior  thirds 
rounded  behind,  fringed  with  long  bristles  anteriorly,  with  short 
ones  posteriorly.  Head  very  narrow;  beak  extremely  long;  fornices 
small;  antennules  nearly  as  long  as  the  beak,  straight  and  narrow; 
pigment  fleck  smaller  than  the  eye.  The  abdomen  is  long,  some- 
what narrowed  toward  the  end,  where  it  is  deeply  cleft;  the  terminal 
claw  is  furnished  with  a  large  and  small  basal  spine,  while  there  is- 
an  iu creasing  series  of  spines  extending  to  the  middle. 

The  elongated  spine  of  the  third  foot  is  pectinate  and  reaches 
nearly  to  the  posterior  margin  of  the  shell.  The  shell  is  marked 
by  few  strong  striae  which  are  diagonal  except  anteriorly  where  are 
a  few  parallel  to  the  front  margin.  The  male  is  small  and  lacks 
the  crest  on  the  back,  while  the  lower  margin  is  straight;  the  an- 
tennae are  longer  than  the  beak  and  differ  somewhat  from  those  of 
the  female.  The  first  foot  has  a  claw.  The  post-abdomen  lacks- 
the  anal  teeth.    Eurz  gives  the  size  as  0.5  mm. 

The  A.merican  form  varies  between  0.45  mm.  and  0.55  mm.,  and 
seems  to  have  a  higher  dorsal  keel  and  longer  beak.  Kurz  speaks- 
of  but  a  single  accessory  spine  on  the  terminal  claws;  there  is,  how- 
ever, a  second  very  minute  spine  or  cluster  of  hairs  in  this  as  well 
as  the  following. 

Found  in  the  same  gathering  with  the  following  near  Minnea- 
polis (marshy  off-set  from  Bassett^s  creek  near  Oak  Lake  Addition)."^ 

^MOTB  TO  Aix>KOPBis  LATisBiMA.  (See  Fig.  1,  PUte  G.)  Since  writing  the  above  the 
males  of  our  American  form  have  been  found ;  they  are  shaped  as  the  females,  with  a. 
high  dorsal  keel ;  the  post-abdomen  Is  rounded  .with  transverse  series  of  small  bristles ;. 
the  claw  has  a  miante  median  spine,  and  the  porua  genUalia  Is  anterior  and  elevated. 

Sp.  3.    Alonopsis  media,  Birge. 
(Plate  £.   Fig.  9.) 

I  gi^e  Birge^s  description  verbatim: 

^^Rostram  prolonged,  and  shell  sharp,  somewhat  quadrangular  itk 
shape,  marked  by  striae.  The  dorsal  margin  is  convex,  the  hinder 
margin  nearly  straight.  Its  lower  angle  is  rounded  and  without 
teeth.    The  lower  margin  is  concave  and  has  long  plumose  setse^ 
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The  front  margin  is  strongly  convex.  The  post-abdomen  is  long 
and  slender,  resembling  that  of  Camptocercus,  and  is  notched  at 
the  distal  extremity;  it  has  two  rows  of  fine  teeth  and  some  fine 
scales  above  them.  The  terminal  claws  are  long,  slender,  with  a 
basal  spine,  a  spine  in  the  middle,  and  are  serrated.  The  antennuies 
are  long  and  slender,  but  do  not  reach  to  the  end  of  the  rostram. 
They  have  each  a  fiagellam  and  sense  hairs.  The  antennas  are 
small  and  have  eight  (m~)  setse  and  two  (^)  spines.  The  labram 
resembles  that  of  A.  leacocephalas,  bat  is  slightly  prolonged  at  the 
apex.  The  intestine,  caecum  and  color  resemble  those  of  Acrope- 
rus.    There  is  a  trace  of  a  keel  present  on  the  back.^' 

The  specimens  seen  in  Minnesota  resemble  this  species  very 
nearly,  apparently,  but  there  are  some  differences.  The  terminal 
claw  of  the  post-abdomen  has  an  increasing  series  of  spines  to  the 
middle;  there  seems  to  be  no  lateral  row  of  scales  beside  the  anal 
teeth;  the  abdomen  is  rather  broad  at  the  base  and  narrows  toward 
the  end.  The  shell  is  not  square  behind.  The  lower  margin  has  a 
few  long  hairs  anteriorly  which  are  followed  by  a  series  of  teeth, 
and  in  the  concave  part  a  somewhat  longer  set  to  a  point  just  be- 
fore the  lower  curved  angle. 

The  pigment  fieck  is  nearly  or  quite  as  large  as  the  eye.  The 
antennule  is  shorter  than  the  beak  (which  isalmostasinPleuroxus 
hastatus),  and  has  a  fiagellum  about  midway;  at  its  base  it  is  nar- 
rowed and  inserted  on  a  prominence. 

The  embryo  still  in  the  brood  sac  had  a  more  elongate  form  and 
hexagonal  reticulations  upon  the  shell,  while  the  i^ntennules  were 
longer  than  the  very  long  beak,  and  the  pigment  fieck  was  smaller 
than  the  eye.  Length  of  female  0.52  mm.  The  color  is  darker, 
and  the  striae  more  numerous,  than  in  A.  latissima. 

Sekies  B. 

This  section  includes  forms  with  (usually)  no  keel  above,  or,  if 
keeled,  the  post-abdomen  is  not  long.  The  majority  are  highly 
arched  dorsally,  and  have  comparatively  short  post-abdomen  and 
pointed  beak.  The  antennae  are  usually  feeble  and  the  motion  slow. 

A.  Post-abdomen  nearly  round  in  outline,  armed  with  very  long  stout  spines,  terminal 
claw  with  one  minute  basal  spine  or  none  ;  greatest  bight  of  shell  about  equal  to 
the  posterior  margin. 

1.  Genus  Leydigia. 

B.  Greatest  bight  of  shell  moderately  exceeding  that  of  posterior  margin  ;  post-abdo- 
men more  or  less  triangular,  armed  with  bristles ;  shell  marked  with  hexagonal 
meshes. 

(a)  Head  nearly  horizontal,  blunt ;  post-abdomen  prominent  in  the  anal  region. 

2.  Genus  QraipioUberU. 
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(b)  Head  depressed,  acute ;  post-abdomen  excised  near  tbe  anoB. 

3.  Genus  Or^pidocerwa. 

O.  Post-abdomen  more  or  less  quadrangular,  armed  with  one  or  two  rows  of  small 
teetb  en  eltber  side  behind ;  terminal  claws  with  one  or  two  basal  spines ;  hlght  of 
posterior  shell  margin  usually  less  than  the  greatest  bight  of  shell. 

4.  Oenus  XynceiM. 

D.  Greatest  bight  of  shell  little  less  than  that  of  posterior  shell  margin;  post-abdo- 
men terete  ;  terminal  claws  very  minute. 

6.    Genus  PArteura. 

E.  Greatest  hlght  of  shell  more  than  double  that  of  posterior  margin. 

(a)  Eye  aud  first  foot  normal. 

6.  Genus  Chydonu. 

(b)  First  foot  with  a  claw  which  extends  beyond  ihe  shell. 

7.  Genus  Anehktropua.  • 
(e)  Eye  absent,  only  pigment  fleck  used  for  Tiston. 

8.  Genus  Monotpavs, 

IV. — Qenus  Lbydigia.,  Kurz. 

Ill  this  genus,  both  the  known  species  of  which  are  found  in 
America,  the  posterior  part  of  the  shell  and  body  is  emphasized  at 
the  expense  of  the  anterior.  The  curved  posterior  margin  is  equal 
to  the  greatest  hight  of  the  shell.  The  head  and  anterior  part  of 
the  body  are  of  the  form  characteristic  of  Alona;  indeed,  the  whole 
body  is  in  plan  like  Alona,  but  in  the  back  part  the  organs  are  all 
enlarged.  The  general  form  of  the  body  and  abdomen  recalls 
Ilyocryptus;  the  post-abdomen,  in  particular  is  very  like  that  genus. 
The  last  two  pairs  of  feet  are  much  enlarged.  The  shell  is  usually 
irregularly  marked  with  longitudinal  striae;  the  lower  margin 
is  covered  with  long  spine-like  setae.  The  post-abdomen  is  armed 
with  several  sets  of  long  spines  and  aggregations  of  bristles  and 
small  spines;  it  is  almost  round  and  enormously  enlarged.  The 
intestine  is  coiled  and  expanded  at  the  end,  but  the  anal  caecum  is 
rudimentary.  The  antennae  are  heavily  spined  and  have  eight  setae; 
the  labrum  is  more  or  less  hairy.  The  male  has  a  strong  hook  on 
the  first  foot,  and  between  the  terminal  claws  of  the  abdomen  is  a 
peculiar  intromittent  organ. 

Sp«  1.    Iieydigia  quadrangularis,  Leydig. 

(Plate  H.    Fig.  4.) 

lA/nceuit  quadrcmgulairis,  LBTDia»  fbio. 
Alona  leydigiit  schokdzjbb,  p.  ■.  uuillsb. 
Leydigia  qvaOrangviUirU^  kuaz. 

The  shell  is  comparable  to  that  of  Alona  quadrangularis,  but 
higher  behind;  the  markings  are  not  very  distinct;  shell  trans- 
parent. The  head  is  very  small;  the  eye  smaller  than  or  of  about 
the  size  of  the  pigment  fleck.  The  post-abdomen  is  very  broad,  the 
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posterior  margin  nearly  the  segment  of  a  circle,  armed  with  namer- 
oas  very  long  unequal  spines  which  extend  only  about  half  the 
hight,  being  replaced  by  short  close  hairs;  the  anal  opening  is  very 
high;  the  terminal  claws  are  long,  straightish,  and  have  a  small 
thorn  near  the  base. 

The  males  are  smaller  than  the  females,  and  the  abdomen  is  less 
broad;  the  antennules  are  longer  than  the  beak  and  furnished  with 
A  fiagellum.  The  sexual  period  occurs  in  September  or  irregularly. 
This  species  has  only  been  encountered  once,  during  September,  in 
Poplar  river,  Cullman  county,  Alabama. 

Sp.  2.    lieydlffia  acanthocercoides,  Fischer. 

J4fTieeua  aeanthoeercoidea.  fisohkb,  lbtdio  . 
Euryceretm  aeanthoeereoidee,  bohosdijUl 
Mona  aeanthoeertoidea,  p.  ■.  HuaiXBS, 
Leydioia  aearUhocercoidea,  XUBZ. 
LeydtgiaituadranovlarU,  hibbick. 

This  species,  reported  in  a  previous  paper,  is,  as  was  said,  nearest 
like  L.  acanthocercoides;  and  I  am  now  able  to  verify  the  very  in* 
conspicuous  differences  upon  which  the  two  are  separated.  Our 
specimens  of  the  L.  quadrangularis  have  the  pigment  fleck  fully  as 
large  as  the  eye,  Eurz  to  the  contrary  notwithstanding,  and  the 
claw  of  the  post-abdomen  is  present,  while  in  the  present  species 
the  pigment  fleck  is  much  larger  and  furnished  with  lenses;  the 
spine  of  the  claw  is  wanting;  the  labrum  is  densely  hairy;  the  abdo- 
men is  narrower,  and  the  shell  higher.  The  shell  is  very  obviously 
striped  in  the  posterior  portion.  The  anus  is  higher  than  in  the 
previous  species.     In  other  respects  the  two  seem  alike. 

V. — Gbnub  Graptolebbris,  Sars. 

A  genus  containing  two  closely  allied  species,  having  some  aflSnities 
with  Alonella.  The  shell  is  entirely  reticulated,  and  there  is  a  sort 
of  crest  along  the  back;  while,  on  the  other  hand,  the  head  is  flat- 
tened and  rounded  in  front.  There  can  hardly  be  said  to  be  a  beak. 
Seen  from  above,  the  animal  resembles  some  species  of  Alonella, 
but  the  head  is  larger  proportionally  and  more  horizontal.  The 
lower  posterior  angle  is  spined.  The  antennaB  have  seven  setae  and 
are  very  long,  in  this  respect  resembling  Gamptocercus.  The  dorsal 
contour  is  not  greatly  arched.  The  post-abdomen  has  short  claws 
and  anal  bristles,  but  no  teeth. 
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Sp.  1.    Graptoleberis  testudinaiiay  Fischer. 

LyneeuM  tutudinanm,  lbtdio,  ulljsbobo. 
Lynceu8  relieulatus^  FBia 
AUma  teatudinaria,  scHOaDi.KR. 
OraptoUhetiM  testudinaria,  kubz.^ 
OraptoUheria  inermU,  birgs. 

Form  trapezoidal;  lower  margia  straight,  armed  behind  with  two 
teeth,  thickly  beset  with  long  hairs  in  front;  the  dorsal  margin  is 
not  greatly  elevated,  roanded  at  the  posterior  angle,  forming  a 
slight  ''hump*^  where  it  unites  with  the  head  shield.  The  head  and 
shell  are  reticulated  with  hexagonal  or  quadrangular  markings. 
The  shell  gapes  below  and  rises  to  a  sharp  ridge  aboTe.  The  an- 
tennae have  long  rami,  the  antennules  being  hardly  longer  than 
the  fornices.  The  eye  is  large;  the  pigment  fleck  is  small.  The 
post-abdomen  is  narrowed  toward  the  end,  rounded  in  front;  the 
terminal  claws  are  small  and  have  two  basal  teeth.  The  dorsal 
margin  of  the  post-abdomen  is  covered  with  tufts  of  hairs.  The 
winter  eggs  have  no  ephippium.  Length  0.55  mm.  to  0.7  mm.  The 
male  is  smaller  and  has  a  lower  dorsal  keel;  the  post-abdomen  is- 
excavated  behind. 

The  only  differences  between  the  Minnesota  specimens  and  the 
typical  European  form  seemed  to  be  the  absence  of  the  very  minute 
spines  on  the  front  of  the  terminal  claws.  The  eye  and  pigment 
fleck  are  of  about  the  proportions  figured  by  Kurz.  Birge^s  figure 
of  the  post-abdomen  does  not  asrree  with  his  description  fully.  Our 
Minnesota  specimens  have  an  obvious  but  not  high  keel. 

Sp.  2.    Graptoleberis  reticolata,  Baird. 

AUma  reticulata,  baird,  p.  b.  mubllbb. 
Lyncetu  reticulata,  lilljbboro,  lbtdio. 
Alona  esociroetria,  sghobdlbr. 
Qraptoleberia  reticulata,  sabs,  kubz. 

Shell  almost  rectangular,  reticulate,  ventral  margin  straight, 
ciliate  anteriorly,  with  two  teeth  behind.  Pigment  fleck  smaller 
than  the  eye.  Post-abdomen  short,  narrowed  towards  the  end, 
dorsally  covered  with  clusters  of  spines;  caudal  claws  with  a  minute 
tooth  at  the  base.    Length  0.4  mm.  to  0.5  mm. 

The  pigment  fleck  is  nearer  the  end  of  the  beak  than  the  eye,  and 
is  smaller  than  in  the  previous  species,  but,  on  the  whole,  there  ia 
perhaps,  too  great  similarity. 
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VI. — Gekus  Crbpidoobrous,  Birge. 

The  characters  of  this  group  place  it  rather  near  Alonella  or  be- 
tween that  and  Plenroxus.  Form  sub-quadrate  with  rounded 
angles;  dorsal  line  uniformly  arched,  terminating  in  a  sharp  angle 
behind;  lower  margin  convex,  armed  behind  with  a  single  spine  as 
in  Pleuroxus  unidens,  and  along  the  entire  length  with  loose  setae. 
Beak  of  moderate  length,  acute.  Post-abdomen  deeply  incised  in 
the  anal  region;  lower  posterior  margin  straight,  rounded  at  the 
apex;  ventral  margin  straight  or  concave;  claws  with  a  single  basal 
spine  and  a  few  teeth.  The  post-abdomen  is  shoe-shaped  and 
armed  with  transverse  rows  of  setae. 

The  antennae  are  large,  having  eight  setae  and  the  usual  spines. 
Shell  smooth  or  reticulate. 

Sp.  J .    Crepidocercns  seUtrer,  Birf^. 

(Plate  F.  Fig.  13.) 

Length  0.4  mm.  to  0.5  mm.  Minnesota  specimens  measured  0  5 
mm.  This,  the  only  species  of  the  genus,  is  but  rarely  encounter- 
ed, and  is  so  peculiar  as  to  be  easily  recognized  when  seen.  Alona 
intermedia  has  a  post-abdomen  with  clusters  of  bristles,  but  in 
Crepidocercns  the  post-abdomen  is  more  as  in  species  of  Graptoleberis 
than  any  other  genus.  The  markings  upon  the  shell  are  very 
indistinct. 

vu. — Gbkus  Lykobus,  0.  F.  Mueller. 

The  perplexing  inter-relations  between  the  three  genera  Alona,. 
Alonella  and  Pleuroxus  give  rise  to  the  utmost  confusion.  No  two 
authors  are  agreed  as  to  their  respective  limits,  and  the  points  given 
by  Eurz,  who  has  carefully  gone  over  the  ground,  are  obviously 
insufficient.  Although  there  may  be  practical  benefits  to  be  derived 
from  the  continuance  of  the  nomenclature  in  use  for  groups  which 
in  the  general  view  can  be  distinguished,  the  value  from  a  theoreti- 
cal standpoint  is  reduced  to  a  minimum. 

The  genus  Gamptocercus  (including  here  Acroperu^,  which  differs^ 
solely  in  the  form  of  the  abdomen,  as  a  sub-genus)  passes  through 
Alonopsis  into  the  group  represented  by  Alona.  Leydigia,  although 
very  near  such  forms  as  Alona  quadrangulata,  may  be  conveniently 
distinguished  as  a  transition  to  species  like  Ilyocryptus. 
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Phrixura,  Graptoleberis  and  Grepidocercus,  each  containing  few 
-species  rrhich  can  be  readily  recognized,  fill  a  place  in  the  system; 
bat  it  is  practically  impossible  to  distinguish  Alonafrom  Plenroxus 
without  instituting  the  very  indefinite  genus  Alonella  to  contain  a 
▼ariety  of  small  intermediate  forms.  Percantha,  Bhypophilus, 
Harporhynchus  and  Pleuroxus  seem  to  be  pretty  generally  regarded 
■as  constituting  a  single  group  which  may  be  recognized  by  the 
long  rostrum,  high  shell  and  greater  development  of  the  antenna 
bristles.  Alona,  on  the  other  hand,  with  its  broader  fornices,  shorter 
beak,  fairly  developed  antennae,  and  more  rectangular  shell,  is,  per- 
haps, the  pivotal  point  of  the  group.  According  to  this  view,  then, 
the  old  name  Lynceus  is  revived  for  the  aggregate;  and  the  other 
names  are  retained,  in  part,  as  titles  of  largely  conventional  groups 
or  sub-genera,  thus: 

■Obkus  Ltkoeus. 

Sub-genus  Alona. 

Section  A.   AUma  fsera, 

8ecti«nB.    AloneUa. 
Sub-genus  PuBumoxus. 

Section  A.   PVeuroxuA  vents. 

Section  B.    Lept/rrhynchyiS,  ^ 

Characters  of  Percantha  and  Rhypophilus  are  combined  in  the 
species  P.  procurvus,  Birge,  so  that  one  must  be  dropped  or  new 
<liagnoses  formulated.  I  am  not  sure  that  the  same  species  is  not 
at  first  Pleuroxus  verus^  and  only  later  assumes  the  form  known 
as  Rhypophilus.  So  with  Percantha  the  amount  of  serrature  of 
the  posterior  margin  is  in  part  a  question  of  age. 

SUB-QENUB  AlOKA. 

This  group  contains  two  sections  which  resemble  each  other  in 
form  and,  in  general,  in  detail;  but  it  is  exceedingly  difficult  to 
formulate  a  diagnosis  that  shall  strictly  limit  it.  The  form  is 
generally  sub-quadrangular  with  rounded  comers;  the  terminal 
claw  is  armed  with  but  a  single  spine  at  the  base;  the  beak  is  rather 
short;  and  the  prevailing  marking  consists  of  longitudinal  lines. 

Section  A.    Ahna  {vera),    Baird. 

This  genus  contains  a  large  number  of  minute  animals  which 
are  widely  distributed. 

1  Instead  of  Harporhynchus,  a  name  preoccupied  In  zoology. 

2  Embryos  of  P.  procunrus  have  tbe  part  which  is  to  be  curved  forward  attenuated 
t)«fore  leaving  the  brood-cavity,  however. 
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The  authors  who  have  done  the  most  to  elacidate  this  genus  are 
Schoedler,  P.  E.  Mueller,  and  Eurz.  Birge  has  contributed  most 
largely,  thus  £Eur,  to  the  knowledge  of  American  species,  which  are, 
for  the  most  part,  identical  or  very  close  to  the  European.  No 
other  genus  is  so  difficult  among  the  Lynoeidse,  for  the  most  minute 
difiFerences  are  relied  upon  to  distinguish  species.  The  species  of 
this  genus  are  not  greatly  altered  by  the  production  of  the  winter 
^S^^-  '^be  males  are  frequently  but  little  smaller  than  the  opposite 
sex,  and  are  recognized  by  the  altered  form  of  the  post-abdomen 
and  the  presence  of  a  hook  on  the  first  foot.  The  form  is  more 
perfectly  rectangular  than  in  the  next  section;  the  shell  is  only 
exceptionally  reticulated  and  very  rarely  tuberculate,  occasionally 
smooth.  The  lower  angle  of  the  shell  is  not  armed  with  spines, 
but  is  generally  rounded.  There  is  only  one  basal  spine  upon  the 
claw  of  the  post-abdomen,  which  usually  bears  a  row  of  scales  beside- 
the  anal  spines.  The  antennse  have  eight  setsB.  The  claw  of  the 
male  post- abdomen  is  removed  from  the  lower  angle. 

About  twenty  species  are  known,  all  of  which  that  seemed  recog- 
nizably defined  have  been  included  in  the  following  key,  which  is 
believed  to  be  more  nearly  natural  in  its  arrangement  than  that  of 
Eurz,  which  would  separate  the  European  and  American  represen- 
tatives of  the  A.  parvula  group.  Many  more  forms  remain  to  re- 
ward the  labor  of  American  students.  Those  mentioned  from 
Minnesota  could  probably  all  be  found  by  a  few  days  search  in  one- 
locality. 

Key  to  Section  A,  Alona. 

A.  Shell  reticulate. 

(a)  BetlcttlatloDS  horizontal. 

1.  A,  guttata.  Bars. 

(b)  RttlculatlODB  oblique. 

2.  A,  anguUUa,  Blrge. 

B.  Shell  lined,  smooth  or  tuberculate. 
(a)  Over  0J6  mm.  In  lengtb. 

I.  Shell  densely  Btrtete. 

3.  A,  Bangninea,  P.  B.  Mueller. 

II.  Shell  normally,  evidently  striate. 
*  Post-abdomen  narrowed  at  the  end. 

t  Armed  with  elongate  teeth  below. 

4.  A.tenuieaudis,Btkn. 

n  Teeth  of  post-abdomen  nearly  equal. 

5.  ^.  lineoto,  Fischer.   (SheU  arched.) 
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6.   ^.  modMto,  Herrlok.  (Shell  straight  i^ve.) 

**  Post-abdomen  not  narrowed. 

t  AAtenn»  with  seren  a^isd, 
(?)7.    ^.co«tata,  Bars. 

tt  AntennsD  with  eight  setae. 

8.  ^.  QuodraiHruteHs,  Hneller. 

III.  Shell  faintly.  Irregularly  striped;  eye  of  same  size  as  pigment  deck. 

9.  ui.  oblon^a,  P.  E.  Haeller. 
rv.   Shell  smooth. 

10.  ^.aj^nis.Leydlg. 

<b)  Under  0.6  mm.  In  length. 

I.  Post-abdomen  armed  with  a  row  of  hairs  terminating  In  large  teeth. 

11.  ^.  dentoto,  P.  B.  Mueller. 

II.  (One  or)  two  rows  of  teeth  preseDC 
*  Shell  densely  and  erenly  striate. 

12.  A,  eUoana,  KuTz. 

**  Shell  not  densely  lined. 

t  Shell  smooth  or  lined  longitudinally. 

t  Teeth  of  post-abdomen  unequal,  the  lower  ones  enlarged. 
13    A.  porrectat  Blrge. 

$t  Teeth  nearly  equal. 

i  Form  elongated ;  abdomen  with  a  lateral  line  of  spiny  scales. 
14.   A.  spinifera,  Scheedler. 

SI  Form  squarish  ;  abdomen  with  a  lateral  line  of  simple  spines  or  bristles,  or 
neither. 
16.   A,  panmla,  Kurz. 

16.  4.  (7la^«atis,  Blrge. 

tiX  Clusters  of  bristles,  not  spines,  on  the  posterior  edge  of  the  post-abdomen. 

17.  A.  intermedia,  Sars. 

tt  Shell  smooth  or  tuberoulate. 
18, 19.    A.  tMberculata,  Kurz,  Herrlck. 

Sp.  1.    Aloaa  gruttata,  Sars. 

A  small  species  of  sub-quadrangular  form.  The  beak  is  very  short ; 
the  eye  small,  but  larger  than  the  minute  pigment  fleck.  The  shell 
is  short,  with  a  rounded  posterior  angle  and  marked  by  hexagonal 
or  rectangular  meshes  running  about  parallel  with  the  lower  margin. 
The  post-abdomen  is  of  moderate  size,  rounded  at  the  apex,  with  a 
series  of  stout  teeth  behind;  the  terminal  claw  has  a  minute  basal 
spine.  P.  E.  Mueller,  in  Danmark^s  Gladocera,  confused  this  with 
A.  intermedia,  which  he  described  under  this.  The  post- abdomen 
in  that  species  is  larger,  less  rounded  behind,  and  armed  with 
clusters  of  spines  instead  of  teeth.  The  length  is  about  0.3  mm. 
in  both. 
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Sp«  2.    Alona  anfiralata»  Birge. 

Dorsal  margin  considerably  arched,  terminating  in  a  more  or 
less  obvious  angle  at  the  hinder  corner;  the  hinder  edge  is  convex, 
as  is  also  the  front  margin;  the  ventral  margin  bears  plumose  setae. 
Beak  pointed,  extending  nearly  to  level  of  ventral  margin  of  the 
valves.  Fornices  broad.  Shell  obviously  striated  diagonally  and 
less  obviously  marked  by  cross  lines.  Post-abdom  m  broad,  trun- 
cate; about  twelve  anal  teeth,  with  a  series  of  scales  and  hairs  back 
of  them.  The  pigment  fleck  is  much  smaller  than  the  eye.  Male 
smaller;  beak  shorter;  post-abdomen  with  a  lateral  row  of  hairs; 
anterior  feet  hooked;  sculpture  less  distinct.  [Birge.]  Length  of 
female  0.4  mm;  male  0.35  mm. 

Sp.  3.    Alona  sangninea,  P.  E.  Mueller. 
(Plate  I.    Fig.  20.) 

Body  nearly  rectangular;  ventral  margin  nearly  straight,  with 
short  seise;  posterior  angle  rounded,  unarmed.  Beak  short;  pig- 
ment fleck  much  larger  than  the  eye.  Post-abdomen  large,  the 
end  truncate,  broadened;  posterior  margin  rounded,  with  a  series 
of  spines  and  a  lateral  row  of  scales;  terminal  claw  with  a  small 
spine. '  The  shell  is  ornamented  with  fine,  close,  longitudinal 
striations.  Length  0.9  mm.  Alona  elegans  is  very  near  to  this 
and  should  have  followed.  In  August.  1878,  I  took  an  Alona 
marked  as  in  A.  sanguinea  and  agreeing  with  Maeller^s  description 
in  all  points  which  can  be  verified  in  the  drawing.  The  small  size 
of  the  eye  is  remarkable  for  so  large  an  animal.  I  have  never  again 
seen  this  species;  it  seems  to  be  very  rare  here  and  in  Europe. 

Sp.  4.    Alona  tenuicandis,  Sars. 

(Plate  I.    Fijf.  11.) 

Alona  tenuicaudU,  sabs,  p.  b  mubllbb,  kubz. 
Alona  camptoeercoideg,  bcbobdlbb. 

Form  nearly  rectangular;  ventral  margin  rounded,  with  long 
setae,  posterior  angle  rounded.  Beak  short,  pigment  fleck  smaller 
than  the  eye.  Post-abdomen  with  sides  parallel,  long,  incised 
below;  lower  angle  armed  with  about  six  strong  teeth,  remainder 
of  the  series  small;  a  lateral  line  of  scales  present;  claws  with  a 
strong  basal  spine.  The  shell  is  striate  with  longitudinal  lines. 
Length  0.5  mm. 

One  of  the  most  easily  recognized  species;  not  identified  in 
America. 
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Sp.  5.    Alona  lineata,  Fischer. 

Lyneew  Ilneatua,  fischxb,  urrnio. 

Alona  lineata,  schobdlbb,  p.  a.  mukixbb,  kurz. 

AUma  reetanQuUarig,  babb. 

The  upper  margin  is  rotnided,  the  lower  one  somewhat  sinaate^ 
with  setee  of  moderate  length.  The  beak  is  tolerably  long,  reach- 
ing nearly  to  the  level  of  the  lower  margin  of  the  shell;  the  pig- 
ment fleck  is  less  than  the  eye.  to  which  it  is  much  nearer  than  to 
the  end  of  the  beak.  Post-abdomen  short,  broad  and  tapering 
toward  the  end,  truncate,  armed  with  about  ten  large  teeth; 
caudal  claws  with  a  small  basal  tooth.  Shell  marked  with  distinct 
lines  running  horizontally.  The  ephippial  females  are  recognized 
by  a  deep  color  and  the  greater  elevation  of  the  back.  Length 
0.5  mm.,  0.6  mm.  The  male  has  a  weak  hook  on  the  first  foot,  and 
the  post-abdomen  is  narrowed  toward  the  end;  the  terminal  claw 
has  no  spine. 

The  Minnesota  representative  of  this  widely  distributed  species 
differs  in  some  respects.  The  lower  margin  is  nearly  straight]and 
rather  sparsely  hairy;  the  beak  is  blunt,  but,  on  account  of  the 
spreading  of  the  extremely  wide  fornices,  does  not  appear  so  except 
under  pressure. 

The  beak  reaches  nearly  to  the  lower  shell  margin.  The 
antennules  are  narrow,  one  or  more  of  the  setse  being  elongated* 
The  dorsal  margin  is  either  nearly  straight  or  strongly  arched 
behind;  in  either  case  the  greatesl;  hight  of  the  shell  is  back  of  the 
middle.  The  pigment  fleck  is  large.  The  post-abdomen  is  just  as 
in  A.  lineata,  but  the  lateral  row  seems  to  be  of  spines  rather  than 
fringed  scales.  The  shell  is  marked  by  rather  evident  or  indistinct 
lines.  The  form  agrees  pretty  well  with  Schoedler^s  figure,  except 
that  the  posterior  shell  margin  is  much  higher.  The  antennae 
have  eight  setae,  but  the  last  one  is  very  weak.  The  terminal 
setae  seem  sometimes  to  be  spined,  an  figured  byiSchoedler,  but  in 
some  specimens  they  are  perfectly  smooth.  There  is  a  circlet  of 
spines  on  the  second  joint  of  the  setose  ramus.  There  is  a  hair  on 
the  inner  aspect  of  the  protuberance  of  the  labrum.  The  eye  is 
somewhat  nearer  the  pigment  fleck  than  is  the  end  of  the  beak. 
If  it  is  desirable  to  apply  a  new  name  to  a  form  at  least  sojnear  the 
European  A.  lineata,  it  may  bear  the  name  first  given  it  in  my 
note-book. 
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?    Sp.  6.    Alona  modesta.   (Sp.n.) 

(Plate  H,  Fig,  3;  and  Plate  Q,  Fig.  4.) 

The  length  varies  between  0.41  mm.  and  0.55  mm.  The  smaller 
forms  have  the  back  most  rounded,  while  a  specimen  0.55  mm. 
long  will  appear  very  like  A.  quadrangalaris.  Males  are  elongate; 
hook  of  first  foot  strong,  accompanied  by. a  heavy  growth  of  small 
spines;  terminal  claw  of  abdomen  with  a  minute  spine. 

?    Sp.  7.    Aloua  costata,  Sara. 

Founded  practically  upon  the  absence  of  the  eighth  seta  of  the 
antennae.  The  description  given  by  Sars  will  not  render  it  recog- 
nizable so  that  there  is  no  occasion  to  repeat  it  here.  In  all  the 
species  of  this  section  the  eighth  seta  is  small  and  may  be  absent. 

Sp.  8.    Alona  quadrangnlaris,  Mueller. 

(Plate  E.    Fig».  1— >.) 
Alona  sulcata,  schobdlsb. 

Alona  quadranovl^riSf  p.  s.  mukllbr,  kubz,  hbbrick.    The  farther  synenomy  of 
the  species  may  well  be  doubtfol,  for  there  are  species  so 
closely  allied  as  to  render  a  strict  deternilnatloQ  difficult. 
Lyneeus  quadranoularis,  o.  f.  mubllbb,  Is  the  name  employed,  and  Is  thought  to  bo 
identical  with  the  Alona  quadraugularis  of  Balrd. 

Shell  quadrangular,  highest  behind;  lower  margin  straight; 
posterior  margin  curved;  lower  angle  rounded,  striped  with  rather 
evident  lines  which  are  parallel  and  straight.  The  beak  is  quite 
long;  the  pigment  fleck  is  smaller  than  the  eye.  The  post-abdomen 
is  broadest  near  the  end,  where  it  is  strongly  rounded;  the  numer- 
ous anal  spines  are  strong  and  emarginated,  supported  by  a  lateral 
series  of  scales;  the  terminal  claw  and  its  basal  spine  (in  American 
forms)  are  denticulate  (Eurz  says  smooth  in  European  specimens). 
The  feet  are  of  the  typical  Alona  form  (see  plate  E,  fig.  1).  The 
shell  gland  is  rather  conspicuous;  no  true  ephippium.  The  abdo- 
men of  the  male  lacks  the  spines,  but  is  otherwise  similar.  Length 
0.6  mm.  to  0.7  mm.  Less  abundant  in  Minnesota  than  the  next. 
Both  this  and  the  following  species  were  recognized  in  1878,  but 
were  thought  to  be  the  same  species.  (See  Microscopic  Entomostra* 
ca,  p.  109.) 

Sp.  9.    Alona  oblonga,  P.  E.  Mueller. 

AUma  oMonga,  KDBZ,  BIBGB. 

Alona  quadrangtUaris,  LTLLJEBOBO.  # 

Differs  from  A.  quadraugularis  in  the  following  points: — the 
greatest  hight  of  the  shell  is  anterior  to  the  middle;  the  lines  are 
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less  evident,  and  all  confined  to  the  lower  part  of  the  shell,  while 
the  centre  of  the  valves  is  marked  with  very  minute  striaB;  the 
pigment  fleck  equals  the  eye;  and  the  post-abdomen  is  of  about  the 
same  width  throughout  and  hardly  as  round  below.  This  and  the 
preceeding  species  have  a  well  marked  keel  on  the  process  of  the 
labrum.  The  size  is  greater,  this  being  one  of  the  largest  and  most 
abundant,  as  well  as  one  of  the  most  striking  species.  It,  perhaps, 
should  rank  as  a  well  marked  and  permanent  variety  of  the  above. 
Length  0.9 — 1.0  mm.  The  abdomen  of  the  male  is  narrowed  at 
the  end  and  lacks  the  teeth.    Lakes  about  Minneapolis. 

(A  small  form  of  A.  quadrangularis  in  lake  Calhoun  had  the  eye 
and  pigment  fleck  equal  and  the  terminal  claw  smooth.) 

Sp.  10.    Alona  affinis,  Leydig. 
(Plate  F.    Fig.  14.j 

LyneevM  ajffiinist  LBTDIO. 
Alona  (UHnitt  8CH0EDLKB. 

Form  sub-quadrangular;  hight  about  once  and  one-half  in  length; 
the  dorsal  outline  forming  a  regular  and  low  curve  from  end  of  head 
to  upper  posterior  margin;  lower  outline  very  slightly  sinuate, 
anterior  one  not  at  all:  posterior  angles  rounded;  head  nearly  hori- 
zontal; eye  of  moderate  size;  pigment  fleck  considerably  smaller; 
antennules  rather  large,  with  unequal  sensory  hairs  at  the  end,  one 
spine  just  above  the  end  in  front  and  a  bunch  of  minute  hairs  near 
the  base  behind;  antennsB  comparatively  large,  basal  joint  spiny, 
outer  ramus  with  three  seta^,  two  of  which  have  thorns  at  their 
middle,  also  a  terminal  spine;  inner  branch  with  two  of  the  termi- 
nal setse  thorned  and  the  upper  lateral  seta  reduced.  The  post- 
abdomen  is  very  broad  and  short,  expanded  below  and  rounded  at 
the  end;  the  terniinal  claws  are  straightisb,  denticulate,  and  the 
spine  at  the  base  is  also  dentate;  there  is  a  series  of  heavy  spines 
on  the  upper  margin  of  the  post-abdomen,  accompanied  by  a  series 
of  scales  on  the  side.  The  shell  is  unornaraented  and  fringed  below 
with  short  bristles.  Length  0,9  mm.,  or  more.  This  fine  species 
is  recognized  by  its  smooth  shell,  the  horizontal  position  of  the 
head,  and  the  form  of  the  post-abdomen;  it  belongs  among  the 
largest  of  the  genus.    Lakes  near  Minneapolis,  not  rare. 

Birge  quotes  A.  spinifera  from  Wisconsin.    In  all  probability 
that  species  is  the  younger  stage  of  the  above. 
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Sp.  11 .    Alona  dentata,  P.  £.  Mueller. 

(Plate  I.    Figs.  12—13.) 

Form  sub-rectangular,  somewhat  arched  above,  obscurely  longi- 
tudinally striated;  lower  angle  obtuse,  margined  below  with  short 
setae.  Post-abdomen  small,  slender,  armed  with  a  lateral  line  of 
scales  and  two  strong  teeth  at  the  lower  angle;  claw  with  a  minute 
basal  spine.  The  form  of  the  post-abdomen  is  identical  with  "Har- 
porhynchus^^  falcatus,  Sars,  which  this  species  also  resembles  in 
having  the  pigment  fleck  larger  than  the  eye,  and  in  general  form 
and  the  character  of  the  striation.  The  beak,  however,  is  very 
short.  In  size  P,  E.  Mueller  says  it  is  among  the  smallest  of  the 
genus. 

8p.  12     Alona  elegans,  Eurz. 

(Plate  I.    Fig.  14.) 

Form  rectangular;  back  slightly  elevated,  posterior  margin  high* 
lower  margin  straight.  Shell  covered  with  minute  striations  spring- 
ing from  the  region  of  the  attachment  of  the  head  shield.  Head 
rather  large,'  pigment  fleck  smaller  than  the  eye.  The  antennae 
have  eight  setae  and  a  circlet  of  spines  on  the  second  joint  of  the 
inner  ramus,  and  a  single  thorn  on  its  first  joint.  The  post-abdo- 
men is  short  and  broad,  rounded  at  the  end,  and  is  armed  with 
about  ten  anal  teeth  and  a  lateral  row  of  scales.  Length  0.4  mm.- 
0.5  mm. 

Sp.  13.    Alona  porrecta,  Birge. 

Sub-rectangular  ;  ventral  line  nearly  straight;  valves  marked  by 
longitudinal  striae;  beak  short.  Post-abdomen  truncate,  with  about 
twelve  teeth,  three  or  four  of  which  at  the  end  are  larger,  and  a 
row  of  hairs  above  the  teeth.  Male  similar.  Length  0.34  mm. 
Distinguishable  from  the  following  small  species  in  the  armature 
of  the  post-abdomen. 

Sp.  14.    Alona  spinifera,  Scboedler. 

If  not  the  young  of  A.  affinis,  this  little  species  mimics  it  very 
closely.  The  head  is  less  horizontal  and  more  acute  than  in  that 
species,  otherwise  almost  identical  excepting  in  size  which  is  about 
one-third.  The  sensory  setae  of  the  antennules  are  said  to  be  nearer 
equal.  Found  by  Birge  in  Massachusetts  and  Wisconsin,  but  not 
yet  encountered  in  Minnesota. 
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Sp.  15.    Aloua  parmla,  Kurz. 

The  body  is  sab-quadrangular,  arched  above;  ventral  margin 
straight,  rounded  behind.  Shell  marked  by  longitudinal,  feeble 
and  irregular  lines.  The  post-abdomen  is  narrower  toward  the  end^ 
with  eight  or  more  teeth;  the  row  of  scales  is  absent;  at  the  end  it 
is  sharply  truncate  and  incised;  the  claws  have  short  basal  spines* 
Hardly  to  be  distinguished  from  the  next. 

( 18  )    Atona  paryula,  var .  tuberculata,  Korz. 

AUma  tuberculcUa,  kurz. 
Alona  verrucosa,  Lxrtz, 

The  species  described  by  Kurz  in  1874,  and  more  at  length  by 
Lutz  under  a  different  name  in  1878,  appears  to  be  simply  a  tuber- 
eulate  variety  of  the  above.  '  Observations  upon  the  American  re- 
presentatives of  the  two  forms  indicate  a  close  relationship  between 
them.  The  shell  is  covered  with  rows  of  tubercles  (or  depressions?) 
which  vary  in  number  greatly. 

Sp.  16.    Alona  glacialis,  Birge. 

(Plate  G.    Figs.  2,  3  and  8.) 

I  do  not  know  how  to  distinguish  this  certainly  from  A.  par* 
vula.  It,  however^  seems  to  have  the  lower  angle  of  the  post-abdo- 
men less  squarely  truncate  and  the  incision  less  obvious.  Birge 
says  that  the  abdomen  is  rounded.  I  have  found  specimens  which 
apparently  belong  here,  with  the  post-abdomen  rather  sharply 
angled  and  deeply  incised;  there  were  about  fourteen  teeth  with  a 
row  of  hairs  in  front.  The  form  is  hardly  to  be  distinguished  from 
another  variety  which  has  a  shorter  post-abdomen,  rounded  below, 
and  with  only  about  seven  or  eight  teeth  and  with  a  smooth  shell. 
This  form  passes  directly  into  a  tuberculate  variety,  having  the 
post-abdomen  similar  but  the  shell  covered  with  numerous  rows  of 
tubercles.  Sometimes  a  transition  from  a  lined  shell  to  a  tuber- 
culate shell  is  seen  (as  in  plate  Gt,  fig.  14).  Alona  tuberculata,  Eurzr 
is  said  to  have  a  truncate  and  incised  post-abdomen  with  no  lateral 
row  of  hairs.  Birge  thinks  these  identical;  if  so,  our  form  referred 
to  A.  glacialis  is  identical  with  A.  parvula.  There  is  also  a  form 
found  with  the  above  in  which  no  markings  are  visible  and  the 
shell  is  considerably  arched;  these  were,  however^  nearly  all  ephip- 
pial  females  or  approaching  that  period. 
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(19.)    Alona  glacialls  ( ?),  var.  tuberculata,  (Var.  n.) 

(Plate  G.    Fifirs.  4-7  and  14), 

will,  then,  be  our  tuberculated  Alona  with  a  lateral  row  of  scales 
•and  a  series  of  fine  spines  along  the  anus. 

Alona  glacialis  (?),  var.  laevis,  (var.  n.) 

is  the  smooth  form  with  higher  dorsal  margin. 

The  antennae  of  the  two  last  hare  spines  at  the  end  of  the  rami 
•of  the  antennae,  a  circlet  of  spines  on  the  outside  of  the  second  joint 
•of  the  setose  ramus,  and  a  spine  on  the  basal  joint  of  the  other 
ramus;  two  of  the  setae  at  the  end  of  the  setose  ramus  have  spines 
at  the  angles.  The  males  found  among  the  above  small  forms  have 
the  Rame  characters  as  var.  laevis  and  the  abdomen  is  rounded  at 
the  end;  the  claw  is  situated  in  the  middle  of  the  lower  margin,  in 
front  being  the  opening  of  the  porus  genitalis  and  behind  a  cluster 
of  hairs;  the  spines  are  absent,  but  there  is  a  lateral  row  of  long 
bristles.  A  strong  hook  is  found  on  the  first  foot.   Length  0.3  mm 

Sp.  17.    Alona  intermedia,  Sars. 

(Plate  I.    FiR.  15.) 
Alona  guttata,  p.  b.  mubller. 

Form  sub-rectangular,  rounded  below;  beak  short;  shell  marked 
'by  longitudinal  lines,  which  may  be  broken  into  indistinct  rec- 
tangular meshes.  Post-abdomen  short  and  wide,  rounded  at  the 
end,  ornamented  by  clusters  of  minute  spines  behind  as  well  as  a 
lateral  row  of  scales.    About  0.3  mm.  long. 

Section  B.    Aloitella,  Sars. 

In  this  group  are  included  small  species  with  a  combination  of 
-characters,  forming  the  link  between  Alona  and  Pleuroxus.  '  An 
obvious  character  is  the  fact  that  the  shell  is  usually  partly  marked 
by  oblique  striae,  which  run  in  two  directions:  first,  a  set  extending 
forward  and  upward  from  the  lower  posterior  angle  of  the  valves; 
second,  a  set  springing  from  the  anterior  and  lower  angle,  running 
across  the  others.  At  the  central  part  where  these  two  series  in- 
tersect, they  each  become  zigzag;  th(^  result  is  a  series  of  hexagonal 
markings,  which  may  extend  to  the  middle  of  the  lower  margin. 

The  beak  is  short  and  the  fornices  broad;  the  shell  is  more  or 
less  rectangular,  but  somewhat  elevated  in  the  middle  above. 
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There  are  usually  bub  seven  setsB  on  the  antennaB,  or  the  eig^hth 
is  a  minute  hair;  on  the  ramus  having  the  lateral  setsB  one  of  the 
terminal  setae  is  frequently  reduced.  In  many  cases  the  whole 
shell  is  marked  by  minute  striae  in  addition  to  the  proper  markings, 
but  this  is  also. found  in  some  species  of  the  true  Pleuroxus.  Eurz 
gives,  as  a  character  of  Alonella,  the  presence  of  but  a  single  basal 
spine  to  the  claw  of  the  post- abdomen;  but  P.  E.  Mueller  figure* 
two  spines  on  the  claws  of  one  of  his  species  (A.  ezigua)i  and 
Schoedler  figures  eight  setse  on  the  antenna  of  A.  ezcisa,  American 
specimens  of  A.  excisa  and  of  A.  pygmaea  both  certainly  have  a 
very  minute  eighth  seta.  There  remains,  therefore,  positively  no 
point  which  can  be  relied  upon  to  distinguish  these  little  lynceids. 
from  Pleuroxus  or  Alona.  Perhaps,  however,  these  species,  as  a 
group,  may  be  recognized  by  what  has  already  been  said.  Three 
species  are  found  in  Minnesota. 

A.  Rostrum  long,  bent  backwards. 

1.  A,  rostrata,  Koch. 

B.  liostrum  short. 

L   Lower  posterior  angle  toothed. 

(a)  Shell  more  or  less  reticulate. 

*  Reticulated  areas  minutely  striate. 

2.  ^.  puZc/ielZa.  Herrick. 

3.  A,  excisa^  Fischer. 

**  Reticulated  areas  smooth, 
t  Head  depressed. 

4.  A.  exfgua,  Lilljeborg. 
ft  Head  horizontal. 

(?)  5.   A,  grUea,  Fischer. 

(b)  Shell  marked  by  lines  runnlne  diagonally  upward  and  backward. 

6.  A,pygmcBa,BATS, 

II.   Lower  posterior  angle  smooth,  shell  longitudinally  striate . 

7.  A.  striata^  Schoedler. 

Sp.  1.    Alonella  rostrata,  Koch. 

Lyncem  rostratuM,  koch,  lilljbbobo^  schosdlbb. 
Alonella  rostratUt  bars,  kurz, 
Alona  rostrata,  p.  s.  mubller. 

Body  long,  rapidly  narrowed  behind;  dorsal  line  strongly  arched 
in  front  toward  the  depressed  head;  the  lower  margin  straight,  with 
0 — 3  small  teeth  at  the  angle.  The  fornices  are  broad,  but  the  beak 
is  sharp;  the  pigment  fleck  is  but  little  smaller  than  the  eye,  to» 
which  it  is  three  times  nearer  than  to  the  beak.  The  post-abdo- 
men is  long,  very  mAch  as  in  A.  excisa,  but  longer.    Length  0.^ 
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0.5  mm.  Schoedler  says  the  lower  margin  is  concave  and  the  angle 
unarmed,  a  condition  not  inconsistent  with  specific  identity,  as  can 
be  seen  in  many  other  species.  The  shell  seems  to  be  variably 
marked,  but  most  conspicuous  are  the  diagonal,  curved  strias. 
Schoedler  compares  the  sculpture  to  P.  exiguus;  Eurz,  however, 
leaves  the  impression  that  only  slight  reticulation  is  present  in  the 
female. 

The  male  has  the  post-abdomen  narrowed,  ornamented  with 
clusters  of  hairs  behind,  and  the  small  claws  have  no  basal  spine, 
while  the  genital  opening  is  in  front  of  the  claws. 

Sp.  2.    Alonella  pulchella.    (Sp.  n.) 

(Plate  Q.    Figs.  1—3.) 

A  minute  form  very  recently  obtained  is  described  under  the 
above  name.  Although  closely  allied  to  A.  exigua,  this  species  is 
more  like  Graptoleberis  than  any  other  member  of  the  genus.  It 
is  the  smallest  of  the  lynceids,  excepting  A.  pygmsea.  The  shell 
is  high  and  rather  strongly  arched;  the  pasterior  margin  is  short 
and  armed  with  four  teeth  below,  which  point  in  different  directions 
as  in, Graptoleberis.  The  head  is  short  and  the  antennules  long. 
The  pigment  fleck  is  of  moderate  size,  but  smaller  than  the  eye. 
The  post-abdomen  is  short,  rounded  below,  and  armed  with  sharp 
and  small  anal  teeth,  besides  which  is  an  inconspicuous  row  of 
niinute  setas.  The  claw  is  very  small,  and  has  a  single  very  minute 
tooth.  The  shell  is  marked  by  reticulations,  which  below  are 
regular  hexagons  but  above  pass  into  elongated  meshes,  and  finally 
on  the  beak  and  head  become  longitudinal  striations.  The  areas 
are  lined  as  in  A.  excisa.  Thus  this  species  combines  the  form  of 
^  abdomen  of  A.  exigua  with  the  teeth  of  Graptoleberis  and  the  - 
markings  of  A.  excisa. 

Length  hardly  0.27  mm.  Motion  active.  The  specimen  figured 
contained  a  single  large  ovum.  The  head  may  possibly  have  been 
somewhat  protruded  by  pressure.   Habitat,  vicinity  of  Minneapolis. 

Sp.  3.    Alonella  excisa«  Fischer. 

(Plate  E,  Fig.  6;  and  Plate  G,  Figs.  10.  11.) 

Lynceiu  excitxts^  fischer. 
PUuroxtu  exci«w,  schoedlkr. 
Alonella  ezcUa^  kurz. 
t  Pleitroxus  inscUlptus^  bikqe. 

This  species  is  closely  allied  to  Alonella  exigua;  yet  that  species 
shows  appreciable  differences,  (which  can  hardly  be  claimed,  per- 
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haps,  for  Pleuroxus  insculptus.)  The  various  authors  who  have 
written  of  this  lynceid  have  all  laid  emphasis  upon  the  sculpture  of 
the  shell,  almost  to  the  exclusion  of  other  points  in  the  description. 
Prof.  Birge  has  found  a  quite  different  form,  apparently,  which  has 
the  same  peculiar  markings;  and  even  the  common  Alona  oblonga 
has  a  part  of  the  valves  covered  by  minute  striations.  Schoedler's 
figure  of  this  species  is  unrecognizable;  but,  as  identified  by  Eurz, 
the  species  seems  undoubtedly  the  same  that  is  common  in  shallow 
pools  in  Minnesota,  during  autumn,  and  probably  also  in  Massa- 
chusetts. 

The  variations  to  which  this  species  is  subject  are  considera- 
able  and  may  account  for  the  marked  disagreement  in  the 
accounts  of  our  different  authors.  Schoedler  gives  his  specimens 
a  length  of  .20-.26  mm.,  while  Kurz  says  .35  mm.  Birge  gives 
•27  for  the  length  of  Pleuroxus  insculptus,  and  our  specimens 
varied  in  the  same  gathering  between  .24  mm.  and  .40  mm. 
Schoedler  figures  three  teeth  at  the  lower  posterior  angle;  Kurz 
says  "several  (4);"  Birge  describes  one  or  two,  and  Minnesota 
specimens  show  gradual  transitions  from  an  inconspicuous  angle 
to  three  or  perhaps  four  teeth.  These  teeth  are  the  extensions  of 
some  of  the  strong  ridges  or  crenulations  which  mark  the  shell. 
P.  E.  Mueller^s  figures  of  the  shell  and  abdomen  of  P.  exigua 
would  apply  to  our  species  perfectly,  save  the  absence  of  minute 
striations;  Kurz's  statements  with  reference  to  the  differences  bet- 
tween  these  two  forms  seem  to  agree  only  in  part  with  those  of 
Schoedler.  I  must  here  express  my  suspicion  that  the  Pleuroxus 
aculeatus,  P.  exiguus  and  P.  excisus  all  belong  under  this  species. 
I  have  seen  a  small  form  which  lacked  the  fine  striations;  and  there 
appeared  to  me  to  be,  at  times,  a  slight  indication  of  a  second  series 
of  hairs  upon  the  post-abdomen. 

The  form  is  oblong,  truncate  behind,  variously  arched  above,  but 
usually  with  a  rather  low,  evenly  curved  dorsal  contour;  the  lower 
shell  margin  is  either  nearly  straight  or  convex  in  front  and  con- 
cave along  the  posterior  third,  and  is  heavily  beset  with  very  long 
pectinate  bristles.  The  head  is  moderately  depressed,  with  a  very 
broad,  blunt  and  short  beak  (in  some  positions  this  beak  seems 
acute,  but  it  is  an  optical  delusion);  the  fornices  are  very  broad, 
covering  the  antennules  completely;  seen  from  above  the  head  is 
broad  and  truncate  in  front;  the  eye  is  larger  than  the  large  pig- 
ment fleck,  which  is  nearer  it  than  the  end  of  the  beak.  The 
antennae  have  eight  setsB,  the  last  of  which  is  minute;  the  fivt- 
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-spined  ramus  has  a  strong  thorn  on  the  end,  and  the  inner  terminal 
«eta  is  reduced.  The  post-abdomen  is  rather  broad  and  truncate 
•or  somewhat  rounded  below;  its  length  is  very  variable,  being 
«hort  in  small  individuals;  its  form  is  subject  to  concomitant 
variations.  The  seven  to  eleven  anal  spines  extend  m  a  series  of 
minute  bristles  above  the  anus.  The  lower  posterior  angle  of  the 
shell  bears  one  to  four  teeth;  the  marking  consists  of  wavy  ridges 
and  striae,  producing,  by  the  crossing  of  two  sets  springing  from 
the  two  lower  angles,  a  reticulation  covering  more  of  less  of  the 
entire  shell.  The  head-shield  and  the  spaces  between  these  mark- 
ings are  densely  striated.  Color  yellowish,  often  opaque.  Length 
O.24.-0.40  mm.  At  times  abundant.  Birge  alone  has  seen  the 
males;  his  description  agrees  with  Eurz^s  account  of  the  male  of 
A.  exigua,  save  that  the  former  speaks  of  spines,  and  the  latter  of 
thorns,  along  the  post-abdomen. 

Sp.  4.    Alonella  exigua,  Lilljeborg. 

Lyncem  exiguus,  lilwkbobo,  letdig,  fbic. 
Aloiiclla  exigiMt  sabs,  kubz. 
PUuroxus  cxiguus,  schobdlbr,  p.  b.  hubllbb. 
f  Lynceus  aculeatus,  fiscsbr. 

Aside  from  the  differences  in  the  male  sex  as  above  indicated, 
this  form  is  said  to  have  a  convex  lower  margin,  a  rounded  post- 
abdomen,  and  the  pigment  fleck  nearer  the  end  of  the  beak  than 
the  eye,  The  absence  of  the  fine  striation,  fiuallyj  is  the  most 
marked  characteristic.  Length  0.30-0.33  mm.  Not  identified  in 
America. 

(?)  Sp.  5.    Alonella  grisea,  Fischer. 

This  species  is  included  here  on  the  authority  of  Kurz.  The 
:€hell  may  or  may  not  be  toothed  at  the  lower  corner,  and  is  partly 
lined  and  partly  reticulate;  but  the  only  character  which  at  all 
separates  this  species  from  the  above  seems  to  be  the  position  and 
form  of  the  head,  which  is  said  to  be  blunt  and  nearly  horizontal, 
■as  in  Camptocercus  rectirostris.  Is  this  a  transition  to  Graptole- 
beria? 

Sp.  6.    Alonella  pygmsea,  Sars. 

(Plate  H     Fig.  7.) 
Alona  pygmcea,  bars. 
Pleuroxtu  transversus,  schobdlbr. 
^lona  transversa,  p.  b.  mubller. 
Ijyuceus  nanus,  frtc 
JiloneUapygmasa,  kubz. 
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The  form^is  rotund,  much  like  species  of  Chydorus  in  the  highly 
arched  dorsal  outline;  the  beak  is  rather  short  and  depressed;  th& 
lower  outline  of  the  valves  is  very  convex  in  front,  and  barely 
sinuate  behind,  where  it  terminates  in  a  minute  spine.  The  shell 
is  marked,  as  in  no  other  lynceid,  by  lines  running  diagonally 
backward,  and  only  on  the  lower  part  reticulated,  if  at  all. 

The  post-abdomen  is  short,  broad  and  rounded  below;  the  claw- 
has  a  single  basal  spine.  Length  0.20  mm. — 0.28  mm.  This  is  th& 
smallest  member  of  the  Gladocera.  In  form  it  so  nearly  resembles- 
Chydorus  that  upon  first  sight  the  writer  took  it  for  a  member  of 
that  genus.  Our  one  specimen  measured  0.25  mm.  The  shell  is- 
marked  by  plications  rather  than  striaB,  which  arch  over  the  back.. 

Sp.  7.    Alonella  stralat,  Schoedler. 

Thirt  species  is  said  to  resemble  A.  exigua  in  habit  and  sculpture 
of  shell ;  the  form  is  quadrangular  and  not  greatly  elevated  in  the 
middle;  the  lower  margin  is  nearly  straight  and  fringed  with 
bristles;  the  posterior  angle  is  rounded  and  unarmed.  The  anten- 
nules  with  their  setae  extend  beyond  the  beak;  the  pigment  fleck  is- 
smaller  than  the  eye  and  half  way  to  the  beak.  The  post-abdomen 
is  long  and  narrowed  toward  the  end;  there  are  seven  or  eight  anal 
spines,  and  two  spines  on  the  terminal  claw.  Length  about  0.5  mm^ 

SUB-GENTJS  PlEUROXUS. 

Section  A.    Pleuroxus  {verus)^  Baird. 

This  group  of  lynceids  is  most  obviously  defined  by  the  long 
"beak",  formed  by  the  extension  of  the  chitinous  covering  of  the- 
head.  (There  is  rarely  a  beak  in  the  sense  of  that  word  as  applied 
in  the  case  of  Scapholeberis  or  Daphnia,  but  the  antennules  are^ 
simply  attached  to  low  prominences  on  the  under  side  of  a  broad 
shield-like  projection  of  the  shell.)  This  beak-like  projection  ia 
acute  and  often  long  and  either  curved  backward  or  even  bent  for- 
ward. The  fornices,  or  lateral  projection  of  the  head-shield,  are 
narrow.  The  form  varies  much,  but  is  almost  always  very  strongly 
convex  above,  and  the  posterior  margin  is  thus  only  a  fraction  of 
the  whole  hight  of  the  animal.  In  some  American  species  the  body 
is  very  much  elongate,  and  these  also  depart  from  the  characteristic- 
habitus  of  the  &:enus  in  having  strong  longitudinal  striae  instead  of 
reticulations.  The  lower  posterior  shell  angle  has  teeth  which,  in 
a  few  cases,  extend  across  the  entire  posterior  margin.    The  post- 


Digitized  by  VjOOQIC 


STATE  GEOLOGIST.  107 

abdomen  is  blender,  usually  truncate  and  armed  behind  with  a  single 
set  of  sharp  teeth  on  either  side;  the  terminal  claw  has  usually  two 
spines  and  may  be  serrate. 

The  male  has  a  shorter  beak,  the  post-abdomen  is  more  or  less 
modified,  and  the  first  foot  has  a  powerful  hook.  The  winter  eggs 
frequently  have  a  true  ephippium;  and  sometimes  this  structure  is 
like  that  of  Chydorus,  toward  which  the  round  forma  of  this  genus 
seem  to  lead.  There  are  upwards  of  a  dozen  valid  species,  several  of 
which  are  American. 

Key  10  Section  A,  Pleuroxus  verus. 

§  Beak  not  curved  forward. 

A.  Shell  reticulate. 

(a)  Post-abdomen  very  narrow. 

1.  P.  Tuutatuir,  Sars, 

2.  P.  AtramfneiM,  Btrge. 

(b)  Post-abdomen  not  very  slender. 

*  Terminal  claws  with  twe  spines. 

3.  P.  trigonellw*,  O.  F.  Mueller.  (?) 
?.   P.  omcUus,  Schoedler. 

**  Terminal  claws  with  a  single  spine. 

4.  P.  acutirostrls,  Birge. 

B.  Shell  smooth,  except  apon  the  front  margin. 

5.  P.  adunctus^  Jurine. 

C.  Shell  striped. 

(a)  Shell  very  long  and  low. 

*  With  one  toeth  below. 

10.  P.  unidens,  Blrge. 

**  Without  a  tooth ;  female  with  a  hook  upon  the  first  foot. 

8.  P.  ?iamatti0,  Blrge. 

***  Without  a  tooth  on  the  shell  or  claw  on  the  foot. 

9.  P.  aiflinte,  Herrlok. 

(b)  Shell  high. 

*  I^wer  angle  spined. 

t  Antennae  with  eight  setae,  anterior  margin  of  valves  toothed. 

7.  P.  deiU^uZatttf,  Birge. 
tt  Antennse  wftb  seven  setae. 

6.  P.Z)airdif,Sohoedler. 

**  Whole  posterior  margin  of  shell  spined  (Pereantha.) 

11.  P.  truncata,  O.  F.  Mueller. 

§§  Beak  procurved  (Rhypophilus.) 
A.   Shell  retieulate. 

*  Faintly  and  regularly. 

18.   P.  glaher,  Schoedler. 
**  Strongly  and  Irregularly. 
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14.  P.  persomittu,  Leydljz. 
fi.    Shell  striped. 

*  Posterior  margin  to  otbed . 

12.    P.  procurvuSf  Birge. 
**  only  lower  angle  toothed. 

15.  P.  uncinattM,  Balrd. 

Sp.  1.    Pleuroxus  hastatus,  Sars. 

(Plate  I.    Fig.  16.) 

Pleuroxus  Uevis,  sabsl 

Pleuroxua  hastatus,  p.  e.  moblleb. 

Form  somewhat  oval,  dorsal  line  strongly  carved,  posterior  mar- 
-gin  short,  with  a  tootb  below;  head  short,  beak  very  long,  straight- 
isli;  shell  obscurely  reticulate.  Post-abdomen  very  long,  narrow, 
with  small  teeth;  claw  with  two  basal  spines.  Color  corneous. 
The  sculpture  consists  of  faint  reticulations.  The  ephippium  forms 
a  truncation  of  the  upper  part  of  the  shell.  Length  0.50 — 0.55  mm. 
The  male  has  a  shorter  beak;  the  first  foot  has  a  weak  hook,  and 
the  spermatozoa  are  spherical. 

?  Sp.  2.    Pleuroxus  straminens,  Birge. 

This  form  is  the  American  representative  of  the  preceeding,  if 
not  identical  with  it.  Birge  mentions  minute  striaB  in  the  meshes. 
P.  stramineus  is  said  to  be  lower  than  P.  hastatus,  while  its  beak  is 
shorter.  Undoubted  specimens  of  P.  denticulatus  exhibit  the  same 
differences,  an  increase  in  the  convexity  of  the  shell  accompanying 
an  increase  in  the  length  of  beak.  The  form  of  the  abdomen  ap- 
pears nearly  identical,  if  we  compare  P.  £.  Mueller's  plate  IV,  fig. 
18,  with  the  outline  given  by  Birge  at  plate  II,  fig.  11.  The  color 
in  both  is  deep,  especially  during  the  period  when  the  winter  egg  is 
forming.  The  direction  of  the  reticulations  is  said  to  differ,  but 
P.  E.  Mueller^s  figure  does  not  furnish  positive  evidence  ot  this. 
Length  C.6  mm. 

Sp.  3.    Pleuroxus  trigonellus,  0.  F.  Mueller. 

Lyncetu  triaoneUus,  o.  f.  mubllek,  ltbvix,  lilljbboro,  lbydio,  fric 
PleuroTeus  triflfoneUiM,  schoedlbb,  p.  b.  mdbixbb,  kubz. 
f  Pleuroxus  omatua,  schoedlbb. 

Dorsal  line  strongly  arched;  the  beak  rather  long,  straightish; 
pigment  fleck  smaller  than  the  eye.  Shell  faintly  reticulate,  the 
markings  consisting  of  transparent  ridges.  Post-abdomen  widest 
in  the  middle,  attenuated  slightly  toward  the  end,  which  is  truncate; 
•claw  large,  with  one  long  and  one  very  small  basal  spine.  The  anal 
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margin  of  the  post-abdomen  has  a  series  of  small  spines,  and  the 
lower  shell-margin  is  hairy.  The  post-abdomen  of  the  male  is 
somewhat  as  in  Crepidocercas,  and  densely  hairy;  the  first  foot  haa 
a  moderate  hook. 

To  judge  from  Karz^s  statements,  P.  ornatns,  Schoedler,  is  not 
specifically  distinct.    Not  yet  identified  in  America. 

Sp.  4.    Pleuroxus  acntirostris,  Birfire. 

.  This  form,  with  Harporhynchus,  imitates  in  some  respects  the 
Alonellse,  from  which  they  differ  in  having  the  beak  elongated  and 
recurved.  Birge's  description  does  not  state  what  the  form  of  the 
fornices  is,  but  he  intimates  that  the  general  resemblances  are  with 
Pleuroxus.    The  general  shape  is  as  in  P.  hamatus. 

^'The  post-abdomen  is  broad,  compressed,  truncated,  with  numer- 
ous fine  caudal  teeth.  The  terminal  claws  have  only  one  basal 
spine.^'  ^'The  valves  are  reticulated  as  in  P.  [Alonella]  insculptus, 
although  not  so  plainly.^'    Length  0.35  mm.   Southampton,  Mass. 

Sp.  5.    Pleuroxus  adunctus,  Jurine. 

Monoculua  adunctuBf  jtjbinb. 

Pleuroxus  adunctus,  bchobdijcb,  p.  b.  mubixer,  kubz. 

Very  like  P.  trigonellus,  but  with  the  back  more  strongly  arched. 
The  anterior  part  of  the  shell  is  striped.  The  beak  is  shorter  than 
in  P.  trigonellus,  but  no  other  permanent  differences  are  discover- 
able.  The  temptation  to  believe  this  a  mere  varietal  form  of  P. 
trigonellus  is  great.  Indeed,  four  species  (the  two  here  noted,  P. 
bairdii  and  P.  denticulatus,  Birge,)  are  very  nearly  related.  The 
ephippium,  where  known,  is  marked  bj^  minute  punccation  and  a 
darker  color. 

Sp.  6.    Pleuroxus  bairdii,  Schoedler. 

Pleuroxtts  trigonellus,  baird. 
PUuroTus  bairdii,  kubz. 

This  form,  so  far  as  can  be  gathered  from  Baird^s  brief  descrip- 
tion and  figures,  differs  from  the  others  in  having  the  shell  marked 
by  straight  parallel  lines  running  diagonally  backward  and  upward, 
and  in  lacking  one  of  the  terminal  bristles  on  the  5-setose  ramus  of 
the  antennae.  The  first  is  a  possible  but  unusual  structure,  while 
the  second  might  result  from  an  overlooking  of  the  very  small  seta 
which  fills  this  place  in  the  other  forms.  Baird  himself  did  not . 
distinguish  it  from  P.  trigonellus. 
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Sp.  7.    Pleuroxus  deuticulatus,  Birjire. 
(Plate  G.    Figs.  12— 18.) 

Resembling  very  closely  P.  adunctus,  which,  however,  has  a 
broader  post-abdomen  than  the  ordinary  P.  denticulatus.  The 
posterior  angle  of  the  shell  is  armed  with  from  one  to,  four  (gener- 
ally three)  teeth.    The  beak  is  very  long. 

The  character  most  emphasized  by/Birge  is  a  series  of  teeth  along 
the  anterior  margin  of  the  valves.  The  same  thing  is  found  in  P. 
procurvus,  as  I  have  repeatedly  satisfied  myself.  In  cercain  posi- 
tions these  teeth  do  not  show,  or  the  smaller  teeth  on  the  lower 
margin  only  appear.  P.  adunctus,  as  figured  by  Schoedler,  has 
similar  teeth  on  the  lower  margin,  and  very  likely  has  them  anteri- 
orly. The  edges  of  the  valves  are  heavily  fringed  with  pectinate 
setae.  The  male  has  a  shorter  beak  and  the  post-abdomen  simply 
rounded  without  the  peculiar  modification  seen  in  P.  adunctus. 

There  seem  to  be  two  varieties  in  Minnesota  both  of  which  have 
the  characteristic  irregular  striations  of  the  shell,  which  radiate  from 
an  irregularly  marked  or  unmarked  area  in  the  center  toward  the 
edges;  both  have  the  toothed  posterior  angle  and  the  serrated  post- 
erior angle  and  the  serrated  anterior  margin.  But  the  common 
form  is  much  longer,  with  the  dorsal  margin  less  convex  and  the 
beak  shorter.  Th6  robust  form  has  a  larger  pigment  fleck,  while 
the  post-abdomen  is  shorter  and  more  robust^  resembling  more 
nearly  Schoedler's  figures  of  the  abdomen  of  P.  adunctus.  There  is 
another  variation  or  abnormality,  in  which  the  lower  margin  is 
<iuite  concave.  The  resemblance  to  P.  procurvus  is  remarkable  in 
some  phases. 

I  have  collected  this  species  in  Blount  springs,  Ala.,  in  the  St. 
€roiz  river,  and  at  various  intermediate  points,  as  well  as  very  often 
in  Minnesota. 

Sp.  8.    Pleuroxus  hamatus,  Birge, 

(Plate  H,    Fig.  1.) 

This  species  is  smaller  than  those  of  the  preceding  group  and 
forms  a  transition  to  the  two  next  to  be  described  in  the  greater 
elongation  of  the  shell,  which  is,  however,  higher  and  more  strongly 
arched.  The  head  and  beak  are  much  as  in  P.  denticulatus.  The 
lower  margin  is  concave  posterior  to  the  middle  and  slightly  convex 
^t  the  posterior  angle,  which  is  unarmed.  The  lower  margin  is 
hairy.    The  markings  are  as  in  P.  denticulatus,  but,  in  addition. 


Digitized  by  VjOOQIC 


STATE  GEOLOGIST.  Ill 

there  is  a  set  of  horizontal  strise  all  over  the  shell.  The  post-abdo- 
tnen  is  widest  in  the  middle  and  almost  exactly  as  in  P.  dendicula- 
tns.  The  first  foot  bears  a  claw  such  as  ordinarily  distingabhes 
the  males. 

The  only  specimens  which  I  have  seen  were  from  the  Tennessee 
river,  near  Waterloo,  and  near  Decatur,  in  Alabama,  My  notes 
•contain  no  reference  to  the  minute  striations,  which  could  perhaps  ^ 
be  hardly  seen  with  the  instrument  employed.  The  process  of  the 
labrum  is  long  and  rather  acute,  the  beak  moderate,  and  the  pig- 
ment fleck  very  large.  The  markings  on  the  anterior  of  the  valves 
.are  irregular  and  are  inter-connected  by  cross  lines  or  anastomoses. 
Ova  two.  (The  genus  Anchisfcropus  has  a  hook  upon  the  first  foot, 
l>ut  is  like  Ghydorus.) 

Sp.  9.   Pleuroxus  affluis.  (Sp.  n.) 

(Plate  H.    Fig.  2.) 

A  small  species  with  elongated  shell  and  longitudinal  striae,  form- 
ing a  link  between  the  preceding  and  the  next,  to  which  it  is 
-closely  related.  Shell  broadest  in  front,  upper  contour  nearly 
«traight;  anterior  part  of  the  lower  margin  evenly  arched,  posterior 
margin  rather  low.  Head  very  short;  beak  very  long,  narrow  and 
-somewhat  incurved;  antennules  and  antennae  very  small;  eye  evi- 
dently larger  than  the  pigment  fleck.  The  post-abdomen  is  as  in 
P.  denticulatus,  or  a  little  lonv:er  proportionately.  The  markings, 
«o  far  as  observed,  consist  of  diagonal,  faint,  numerous  and  parallel 
lines  posteriorly,  and  others  springing  from  the  anterior  margin. 
There  is  no  tooth  behind;  the  teeth  on  the  post-abdomen  are  small 
and  not  numerous.  The  upper  margin  of  the  shell  is  not  sharp  but 
founded.  Thus  this  pretty  and  unique  form  is  clearly  distinguished 
from  all  its  allies  althongh  unfortunately  only  this  very  imperfect 
•description  and  schematic  figure  can  be  given.  Found  in  Weakly 
pond,  Culbert  county,  near  Florence,  Alabama,  where  with  an 
Alona,  Ghydorus  sphsericus  and  Scapholeberis,  it  formed  the  clado- 
•ceran  fauna  of  the  pool.  • 

Sp.  10.    Pleuroxus  uuidens,  Birfe. 

(Plate  F.    Fig.  15). 

An  extreme  among  these  elongated  species,  the  length  of  body  fall- 
ing little  short  of  double  the  hight.  The  dorsal  line  is  very  flat 
and  slightly  but  evenly  arched;  the  lower  margin  is  evenly  convex 
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or  nearly  straight,  covered  by  long  pectinate  bristles.  The  head  i» 
short,  and  the  beak  is  long  and  sharp;  the  antennules  are  of  moder- 
ate size,  with  a  lateral  seta  one-fourth  from  the  end;  pigment  fleck 
less  than  the  eye;  antennae  rather  long,  with  strong  thorns  on  t he- 
terminal  joints.  The  post-abdomen  is  long,  as  in  P.  hastatus,  side» 
nearly  parallel;  anal  teeth  sharp,  small  and  numerous;  claws  pec- 
tinate, with  two  strong  basal  spines.  The  shell  is  strongly  striate- 
with  longitudinal  striae,  which  are  parallel  with  the  different  mar- 
gins. Birge  says  that  there  is  a  reticulated  area.  The  lower  angle 
is  rounded,  and  anterior  to  it  is  a  small  tooth  directed  backward. 
This  species  is  distributed  throughout  the  Mississippi  valley.  I 
have  notes  of  it  from  Swan  lake^  near  Decatur,  Alabama,  It  is- 
often  rather  abundant  about  Minneapolis,  but  is  thought  by  Birge 
to  be  absent  from  the  eastern  states.  Almost  all  the  specimens  I 
have  seen  are  very  dark,  often  brown,  so  as  to  appear  to  the  eye 
like  dark  specks  as  they  swim  about.  The  length  varies  from  0.55 
mm.  to  0.85  mm.  About  0.60  mm.  is  a  common  size,  according  to 
my  observation.  Birge  mentions  a  rudimentary  sixth  foot  in  this 
species.  This  organ  is  found  in  Eurycercus  and  other  lynceidd^ 
according  to  Schoedler. 

Sp.  11.    Pleuroxus  truncata,  0.  F.  Mueller. 
Lyneew  truncatw,  snrKLLSR,  koch,  zaddaoh,  lievin,  fischeb,  lilljsbobo.  lby> 

DIG,  FRIO. 

Percantha  trtmeata^  baibd,  schoedlbr,  kusz. 
Pleuroxus  truncatus,  p.  s.  mublubb. 
Percantha  brevirostriSt  schoedler. 

This  species  is  widely  distributed  in  Europe,  but  is  replaced  in* 
America  by  the  following.  The  shell  is  high,  the  dorsal  contour 
arched;  beak  rather  long  and  straight;  lower  margin  slightly  con- 
vex, setose;  posterior  margin  straight,  armed  with  very  strong  teeth 
entirely  across  it;  the  anterior  margin  also  is  dentate,  as  in  the  next.  * 
The  valves  are  covered  with  strong  striae,  springing  from  the  an- 
terio-central  part  and  radiating  toward  the  free  margins.  The  post- 
abdomen  is  of  moderate  size  and  in  form  much  as  in  the  next.  The 
ephippium  causes  a  coijsiderably  change  in  form  and  coloration.  In 
the  male  the  beak  is  shorter,  and  the  abdomen  has  finer  teeth.  The 
first  foot  has  an  extraordinarily  large  hook.  The  length  is  about 
0.5  mm.  to  0.6  mm.  Percantha  brevirostris,Schoedler,  differs  in  the 
length  of  the  beak  only.  # 
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Sp.  12.    Pleuroxufl  procumis,  Bir(^. 

(Plate  E.    Figs.  3,4.) 

In  size  and  general  appearance  this  most  interesting  species  is 
similar  to  the  above,  and,  especially,  to  P.  denticulatus.  The  gen- 
eral form  and  even  the  details  of  structure  agree  almost  to  identify 
with  the  latter.  The  structure  of  the  posterior  margin  is  like  Per- 
cantha,  while  the  rostrum  is  bent  abruptly  upwards  as  in  Rhypo- 
philus.  In  small  individuals  the  length  is  greater  proportionally. 
The  lower  margin  is  slightly  convex  or  nearly  straight,  and  fringed 
by  bristles  which  are  stronlgy  pectinate;  the  anterior  and  lower 
margins  are  toothed  as  in  Percantha.  The  shell  gland  is  more  as 
in  the  DaphnidaB  than  most  lynceids.  The  number  of  posterior 
teeth  is  variable.  The  ephippium  is  as  in  P.  denticulatus.  Length 
0.40  mm.  to  0.50  mm.  Not  rare,  but  less  common  than  P.  denticu- 
latus. The  male  post-abdomen  is  like  that  of  P.  denticulatus;  the 
rostrum  is  as  in  the  female. 

Of  the  species  following  it  may  suffice  to  say  that  they  are  corpu- 
lent, filth-loving  representatives  of  P.  trigonellus,  P.  adunctus  and 
P.  bairdii,  respectively,  which  have  turned  up  their  noses  at  a  super- 
ficial existence  and  buried  themselves  in  the  mire  and  debris  at  the 
bottom  of  the  pools.  It  might  be  fanciful  to  assume  that  the  curved 
snout  is  used  for  "rooting,"  but  the  fact  that  these  "Schmutz- 
peterchen''  lynceids  would  find  a  long  straight  beak  in  the  way  is 
suggestive. 

Sp.  13.  Pleuroxus  (Ri/pophUus)  glaber,  Schoedler. 
PUuroxus personatMS^  p.  e.  musller. 

The  shell  is  high  and  squarish,  the  fornices  narrow,  the  beak 
slightly  pro-curved,  the  lower  margin  nearly  straight,  with  two  or 
more  teeth  at  the  posterior  angle.  The  antennae  have  seven  setae 
only.  The  male  is  almost  exactly  as  that  of  P.  trigonellus.  Length 
0.55  mm.  to  0.65  mm.;  male  0.5  mm. 

Sp.  14.  Pleuroxus  (Rypophilus)  personalus,  Leydig, 

That  this  species  is  really  distinct  is  by  no  means  certain;  how- 
ever, it  is  stated  that  the  shell  is  less  regularly  aud  more  markedly 
reticulated,  and  the  markings  lack  the  elevations  described  under 
P.  trigonollus,  which  are  present  in  the  previous  species.  It  lives 
in  filth  and  covers  itself  with  it. 
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S[i.  15     Pleuroxus  (Rypaphilus)  unclnatus,  Baird. 

The  shell  is  ridged  with  lines  running  upward  and  backward,  as 
in  P  bairdii;  the  lower  angle  of  the  shell  has  three  teeth,  and  the 
beak  is  more  horizontal  than  in  the  above.  In  size  and  characters 
this  is  almost  identical  with  P.  bairdii,  with  which  it  occurs  in 
England. 

This  completes  the  list  of  swine-like  members  of  the  genus;  these 
well  deserve  to  be  studied  from  a  morphological  stand-point. 

Pleroxus  nasutus^  Gay,  is  a  poorly  described  form  from  Chili,  re- 
sembling, according  to  Schoedler,  P.  ornatus  =  tria:onellus. 

A  species  of  Percantha  (Lynceus  armatus,  Gay)  is  found  in  Chili. 

NOTE  TO  PLKUROxus.— The  two  spccies  p.  unideas  and  P.  afflnis  are  quite  diverse 
from  the  type  of  the  genus  and  approach  in  some  respects  to  Leptorhynchus.  P.  afflnis, 
particulaiiy,  has  a  recurved  beak.  I  am  in  doubt  about  P.  hamatus  and  P.  acutirostris, 
which  Is  said  to  be  reticulated  ;  but  it  seems  iikely  that  the  species  above  mentioned 
stand  in  closest  relation  to  Leptorhynchus. 


Section  B.    Leptorhynchus,  Herrick.  * 

The  species  for  which  Sars  formed  the  genus  Harporhynchus  is 
of  Alona-like  habit,  but  has  a  beak  which  exceeds  that  of  any  known 
Pleuroxus  in  length,  being  simulated  in  this  respect  by  the  Amer- 
ican P.  acutirostris,  which  is,  however,  in  other  respects  more  nearly 
allied  to  Pleuroxus. 

lieptorhynclius  falcatus,  Sars. 

Harporhynehtu<  falcatwf,  sabs. 
Alonafalcata,  bars,  p.  e.  muellbb. 

Body  oblong,  arched  above;  ventral  margin  nearly  straight,  setose, 
with  a  spine  at  the  posterior  angle;  beak  strongly  curved,  folded 
laterally;  pigment  spot  larger  than  the  eye.  The  post-abdomen  is 
wide,  sides  nearly  parallel,  armed  with  a  few  strong  teeth  below 
and  a  lateral  line  of  spines;  caudal  claw  with  a  single  small  basal 
spine. 

viiL — Genus  Phrixura,  P.  E.  Mueller. 

Oblong,  wide;  posterior  shell-margin  little  less  than  whole  hight. 
Post-abdomen  terete,  obtuse  at  the  end,  which  is  armed  with  a 
cluster  of  spines  of  which  the  terminal  ones  are  similar  to  the  others. 

1  Harporhynchus  is  preoccupied  in  ornithology. 
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Sp,  1 .    Phrixtira  rectirostris,    P.  E.  Mueller. 

(Plate  I.    Fiff.  18.) 

Beak  acute;  shell  striated  longitudinally,  slightly  arched  above; 
ventral  margin  rounded,  with  a  round  and  unspined  angle  behind. 
Length  0.5  mm.    Not  yet  encountered  in  Minnesota. 

IX. — Geiojs  Chydobus,  Leach. 

This  genus,  if  it  be  really  Of  generic  value,  contains  minute 
rotund  animals  which  appear  in  the  water  like  animate  pin-heads 
of  small  size.  I'heir  motion  is  arolling,  wavering  hobble;  and  they 
live  by  preference  upon  vegetation,  or  in  slime  at  the  bottom  of 
pools.  Occasionally  they  may  be  seen  in  sunshiny  weather,  dis- 
porting themselves  near  the  surface  in  immense  numbers.  There 
are  two  common  species,  and  six  more  which  are  more  rare  or  in 
part  not  valid. 

The  sexual  period  occurs  at  two  different  periods  (i.  e.,  May — 
June,  and  December),  but  in  probability  is  not  confined  to  any 
periods.  The  males,  which  only  rarely  are  found  even  in  these 
periods,  have  the  abdomen  narrowed  or  excavated  to  accomodate  it 
to  the  peculiar  alteration  of  the  brood-cavity  which  takes  place  in 
the  sexually  mature  female.  The  connection  takes  place  by  the 
insertion  of  the  abdomen  within  this  chamber,  which  is  facilitated 
by  the  reduced  size  of  the  abdomen.  The  modification  of  the  shell 
of  the  brood-cavity  above  referred  to  consists  in  the  thickening  of 
the  wall  posteriorly,  which  may  or  may  not  result  in  the  deforming 
of  the  shell,  as  shown  in  plate  F,  fig.  7,  taken  from  Kurz.  This 
may  be  termed  an  ephippium,  although  it  differs  somewhat  from 
the  modified  shell  so  called  in  Daphnia.  The  male  element  consists 
of  nearly  round  nucleated  cells,  and  the  opening  of  the  vas  deferens 
is  anterior  to  the  terminal  claws.  The  members  of  this  genus  are 
among  the  most  minute  forms  of  the  family  or  the  entire  group. 
Concisely  put,  the  characters  are  as  follows: 

Form  globose,  not  obviously  truncate  behind;  head  terminating 
in  a  sharp,  long,  curved  beak,  which  lies  close  upon  the  anterior 
margins  ot  the  valves;  antennae  short;  eye  larger  than  the  pigment 
fleck;  abdomen  flattened,  excavated  in  the  male;  intestine  with  nc 
anterior  caeca,  doubly  convoluted,  with  an  anal  caelum.  Three  spe- 
cies found  in  Minnesota. 
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Sp.  1.    Chydoms  spbsericus,  Mueller. 

(Plate  F.   Pigs.  4,  7,  8  and  10.) 
LynetuB  sphwricus,  o.  f.  mubllbb,  m.  xdwards,  koch,  zaddacb.  libyen,  fibchjcb 

ZJLLJEBOBG,  LSTDie,  TOTH,  ZSyKBB,  FBIC. 

Monocidus  sphwricwst  JURIMX. 

ChydoruB  mueUeri,  lkach. 

Chydorus  ^phcBricua,  baibd,  bchoedleb,  p.  b.  muellbb.  lutz,  kubz,  bibob. 

Form  nearly  spherical,  as  seen  from  above  broadly  oval;  in  young 
specimens  truncate  behind;  antennules  of  moderate  size^  in  the  male 
very  large,  with  curved  flagellum  near  the  middle  of  anterior  mar- 
gin; pigment  fleck  often  nearly  as  large  as  eye;  beak  of  moderate 
length,  blunt  in  the  male;  first  foot  strongly  hooked  in  the  male; 
post-abdomen  short,  broad,  rounded  at  the  end,  armed  with  8 — 9 
sharp  teeth;  shell  reticulated  with  polygonal  meshes.  Color  light, 
unspotted.    Length  0.50  mm. 

This  species  occurs  in  Spring  earlier  than  most  forms,  and  is 
ranked  as  the  most  abundant  of  the  micro  Crustacea,  being  found 
over  the  whole  circumpolar  Irnd-area.  The  ephippium  for  the 
winter  egg  was  observed  by  Kurz,  but  the  period  at  which  it  is 
formed  seems  variable. 

C.  sphaericus  of  a  previous  report  seems  to  have  been  the  follow- 
ing species  which  is  more  common  in  Minnesota  in  the  clearer 
lakes.  A  small  form  in  our  large  lakes  measures  0.3  mm.;  it  may 
be  distinct. 

Sp.  2.    Chydorus  globosus,  Baird. 

(Plate  F.    Figs.  1,2, 3  and  9.) 
ChydoruB  gloZKMus,  baibd,  lii«ljebobg,  schobolbb,  letdiq,  p.  b.  uubllbb,  fbic, 

KUBZ,  BIBOE. 

Form  globose,  very  broad;  antennules  very  large  with  a  strong 
lateral  seta  on  a  small  elevation;  swimming  antennae  exceedingly 
small;  the  shell  gland  is  well  developed;  the  pigment  fleck  is  much 
smaller  than  the  eye;  beak  very  long  and  incurved;  post-abdomen 
rather  long,  more  slender  than  the  last,  broader  near  the  end  which 
is  truncate,  bearing  about  20  spines  on  the  margin  near  which  is  a 
lateral  series  of  minute  bristles;  the  terminal  claws  are  straightish, 
spined  along  the  basal  half,  and  have  an  accessory  spine;  the  shell 
is  very  indistinctly  reticulated  and  spotted;  color  dark;  length  0.7- 
0.8  mm.;  male  0.55  mm.  The  males  have  the  abdomen  very  nar- 
row for  the  entire  length. 

This  specie*  is  considered  rare  elsewhere,  but  is  not  infrequent  in 
August  near  Minneapolis. 
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Sp.  3.    Ohydoms  ovalis,  Earz. 
(Plate  F.    Fig.  n.) 

Form  oval,  nearly  twice  as  long  as  high;  beak  long;  antennules 
two-thirds  as  Ions:  as  the  beak,  with  two  elons^ated  sensory  filaments 
above  the  others;  pigment  fleck  nearly  as  large  as  the  eye;  antennae 
small;  shell  margins  heavily  fringed  anteriorly;  post-abdomen  of 
moderate  size,  rounded  at  the  end,  with  about  8  teeth  near  the  end; 
shell  smooth.    Length  0.4  mm. 

This  species  is  rather  near  C.  sphsericns,  difiering  in  having  the 
shell  smooth,  antennae  shorter,  and  beak  longer.  This  species  is 
not  yet  known  in  America. 

Sp.  4.    Chydorus  cselatus,  S.hoedler. 

(Plate  F.    Fig.  12.) 

(Jhydorus  adunetus,  Schokdleb. 

This  small  species  is  about  0.4  mm.  long,  and  resembles  the  young 
of  G.  globosus  in  form,  from  which  as  well  as  from  all  known  spe- 
cies it  is  distinguished  by  the  markings  of  the  shell,  which  consist 
of  series  of  rounded  elevations  (or  depressions?)  arranged  parallel 
to  the  lower  margins  of  the  shell  and  head.  The  description  is  very 
incomplete,  and  the  only  other  author  who  appears  to  have  seen 
the  animal  is  Eurz,  who  adds  that  the  sensory  filaments  of  the  an- 
tennae are  unequal  in  hight,  and  that  the  so  called  elevations  are 
really  depressions.  A  form  with  a  few  depressions  about  the  edge 
and  characters  of  this  specids  was  once  seen  in  the  vicinity  of  Min- 
neapolis. 

Sp.  5.    Cliydorus  nitidus,  Schoedler. 

(Plate  F.    Figs.  5,  6.) 

Shell  smooth  and  regularly  punctate;  the  head  resembles  C.  sphse- 
ricus,  bnt  the  pigment  fleck  is  much  smaller  than  the  eye,  to  which 
it  is  much  nearer  than  to  the  end  of  the  beak;  the  post-abdomen  is 
broader  near  the  end,  and  bears  a  row  of  10 — 12  teeth  on  either  side. 

( ?)  Sp.  6.    Chydorus  latus,  Sara. 

Very  possibly  a  variety  of  C.  globosus,  from  which  it  differs  in 
the  shorter  beak  and  greater  size.    Length  0.66  mm. 
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Sp,  ?•    Chydorus  piger,  Sars. 

Sub-rotund,  prominent  above,  sinuate  behind;  lower  and  poster- 
ior margins  rounded,  lower  margin  ciliated.  Head  movably  united 
to  the  body;  beak  long,  separated  hj  an  indentation  from  the  head 
shield.  The  shell  is  broad,  as  seen  from  above.  Shell  punctate 
anteriorly  and  marked  below  by  indistinct  oblique  striae.  Anten- 
nules  with  seven  setae  and  two  small  thorns  on  the  end  of  each 
ramus.  Post-abdomen  truncate;  the  terminal  claws  with  a  minute 
tooth  at  the  base;  posterior  margin  sinuated,  rounded  below  and 
there  densely  armed  with  minute  teeth .  Abdominal  setae  long  and 
flexible.  Pigment  fleck  of  medium  size,  much  nearer  to  the  eye 
than  to  the  beak.    Length  about  0.33  mm. 

( ?)  Chydorus  latifronsy  Dana.  (U.  S.  Exploring  Expedition,  Rep.  on  Crust.. 

vol.  II,  p.  1274.) 

Very  tumid  ,*^  in  side  view  rotund,  head  not  separate,  very  short- 
beaked;  beak  slender  and  close  to  the  body,  acute;  in  upper  view 
animal  very  broad,  truncate  anteriorly,  the  front  thereby  nearly 
as  broad  as  the  body;  behind  low,  triangular  and  obtuse.  Feejee 
islands. 

(?)  Chydorus  albicaas,  Gay, 

from  Chili,  is  imperfectly  described;  but  it  is  interesting  to  note  the 
occurrence  of  this  genus  there. 

X. — Genus  Anchistropcs,  Sars,  (?) 

Very  similar  in  form  to  Chydorus;  valves  gaping  below  anteri- 
orly; antennules  small;  process  of  labrum  rounded.  Post-abdomen 
attenuated  toward  the  end,  densely  covered  with  fine  teeth;  terminal 
claws  denticulate.  First  foot  with  a  powerful  claw,  protruding 
beyond  the  shell.  Eye  very  large.  Shell  indistinctly  reticulate. 
Sars  says  of  his  Anchistropus  emarginatus  that  on  cursory  inspec- 
tion it  Would  be  taken  for  the  young  of  Chydorus  globosus.  He 
found  but  few  specimens,  about  0.35  mm.  long.  The  suggestion  is 
still  possible  that  the  youn^  males  of  some  Chydorus  are  here  mis- 
taken for  a  new  genus.  The  males  of  Chydorus  globosus  were  not 
known  till  1878,  and  their  early  form  is  still  unknown.  The  young 
females  have  a  tolerably  strong  claw,  though  it  is  not  much  curved. 
I  have  once  found  a  peculiar  lynceid  measuring  0,46  mm.,  with 


Digitized  by  VjOOQIC 


STATE  GEOLOGIST.  119 

unevenly  but  distinctly  reticulate  shell,  slender  abdon»en,  and  a 
strong  claw  which  was  dentate.  There  were  several  young  (more 
than  two),  and  the  shell  in  these  was  more  regularly  reticulate.  All 
efforts  to  find  a  second  specimen  failed,  and  the  one  seen  was  some- 
what mutilated;  hence  I  am  unable  to  determine  its  real  position. 

XI.— Gekus  Monospilus,  Sars. 

Head  separated  by  a  depression  from  the  body;  shell  high,  com- 
press€id,  posterior  margin  somewhat  less  than  the  greatest  hight  of 
the  shell.  Post-abdomen  broal,  ornamented  with  lateral  and  post- 
erior spines;  claws  large,  with  a  single  basal  tooth.  The  compound 
eye  is  absent,  its  place* being  taken  by  the  pigment  fleck,  which  is 
the  functional  eye.  ^ 

Monospilus  dispar,  Sars. 

(Plate!.    Fiff.21.) 

Lynceus  UnuirostrU,  riscHVR,  Abh.  aeber  elnlge  neae  Dapb.  und  Lynoeld?e.  p.  427, 

tab.  Ill,  flga.  9-10  (fide  Sars), 
MonospUus  dispar,  sars,  Crust.  Gladoo. !  Omgn.  af  Ghristiania,  p.  165. 
Monospilua  dispar, mubllbr,  Danmark's  Glad.,  p.  196. 

Shell  roundish;  ventral  margin  setose;  posterior  angle  rounded, 
marked  above  with  numerous  impressions.  Antennules  small;  an- 
tennae long,  with  seven  setae.  Post-abdomen  short  and  broad,  bear- 
ing a  series  of  spines  along  the  excavated  posterior  margin,  and 
ornamented  on  the  sides  with  clusters  of  bristles.  The  shell  in  old 
individuals  is  not  moulted  but  remains  as  in  Ilyocryptus,  covering 
the  greater  part  of  the  new  shell.  The  figure  shows  an  old  indivi- 
dual with  its  successive  coverings  still  clinging  to  it.    Like  Ilyo- 

1  So  much  Interest  attaches  to  this  species  that  we  reproduce  the  Latin  description  of 
Sars.  **  Testa  in  adultibus  valvulis  oomposita  pluribus,  altera  alter!  imposita,  a  latere  visa 
lata,  latitudine  maxima  in  parte  antica  sita;  margine  superiore  antice  valde  prominente. 
posterioreetinferioreciliatorotund»itis.  Gaput  mobile,  perporvum  et  valde  depressum, 
supine  impresdone  parva  sed  distincta,  a  testa  cetera  difijunctum,  deorsuro  in  rostrum  rec- 
tum et  breve  apice  obtuso  exiens.  Animal  supra  visum  sat  compressum,  latitudine  maxima 
capite  majore  ante  medium  sita.  Pars  superior  testes  et  capiti.«i  impressionibus  numerosis 
rQtundatis  notata.  Antennse  l-mi  pans  minutoe  structura  ut  in  ceteris  Lynceidis ;  2-di  paris 
sat  longte,  ramo  altero  setas  4  et  aculeum  unum  apicalem,  altero  setas  3  et  aculeos  duos, 
quorum  alter  longus  articulo  prime  elusdem  rami  adfizus  est,  gerunte.  Postabdomen  breve 
et  latum,  apioem  versus  truncatum ;  marglne  posteriore  supra  obtuse  angulato.  ad  augulum 
inferiorem  rotundatum  seriebus  duabus  acu'eorum  inquelateribus  setis  vel  spinulis  brevi- 
bus  numerosis  pneditum ;  ungues  terminales  ad  basin  aculeo  longo  armati.  Intestinum,  ut 
in  ceteris  Lynoeidis,  in  thoraoe  laquem  fere  duplioem  format.  Macula  nigra  unioa  minima 
prope  basin  antennarum  2-di  paris  ,*  maculte  infra  ooulari  in  ceteris  Lynceidis  simillima,  in 
capite  oonspicitur,  quae,  quum  oculus  verus  composilus  In  omnibus  ceteris  Gru^taceis 
Gladodoceris  distinctus  omninoab-sit,  organum  quamquam  rudimentare  visus  habenda  est. 
Animal  parum  pellucidum,  colore  fulvescentc.    Longit.  parum  supra  V.i  mm  " 


Digitized  by  VjOOQIC 


120  TWELFTH  AITKUAL  EEPOBT. 

cryptas,  this  animal  passes  its  life  in  filth  at  the  bottom  of  pools, 
and  rarely  emerges  to  the  light  of  day.  What  little  visual  function 
there  may  be  is  vested  in  the  larval  organ. 

The  specimen  from  which  the  drawing  was  made  measured  0.45 
mm.  The  first  glance  at  this  rarest  of  all  entomostraca  affords  proof 
of  its  unique  character.  The  strongly  arched  shell  is  so  compressed 
as  to  bear  little  resemblance  to  Ghydorus.  The  dorsal  line  passes 
with  little  angle  into  the  high  posterior  margin.  There  is  a  rounded 
angle  below,  armed  with  two  teeth — the  shortened  representatives 
of  the  fringing  spines  of  the  straight  lower  margin.  The  head  is 
depressed  and  very  short,  but  the  narrow  beak  is  produced  to  below 
the  margin  of  the  valves.  It  is  rounded  so  as  to  resemble,  as  seen 
in  front,  a  duck^s  bill.  The  fornices  are  narrow  and  flare  so  that 
the  eye  is  left  partly  exposed  upon  the  side.  The  antennules  are 
not  long  but  slender.  The  labrum  has  a  very  large  lamella,  which 
is  crenulate  in  front  and  acute  below,  the  labrum  proper  being  large. 
The  systematic  position  of  this  genus  is  a  matter  of  considerable 
interest,  for  it  is  the  only  member  of  the  whole  order  in  which  the 
larval  eye  is  the  only  one  developed,  and  the  first  thought  would 
be  that  this  must  be  a  primitive  synthetic  type,  in  other  words, 
historically  the  oldest  of  Cladocera.  Closer  study  does  not  warrant 
the  theory.  There  is  much  to  indicate  that,  though  essentially  lyn- 
ceid,  it  stands  in  close  connection  with  the  higher  members  of  the 
family  and  perhaps  has  more  than  a  superficial  resemblance  to  such 
degraded  lyncodaphnids  as  Ilyocryptus.  All  things  considered, 
however,  our  diagram  stauds  with  this  genus  as  a  degraded  offshoot 
of  the  more  typical  stem  of  Lynceidse. 

SUB-ORDER  II  — GYMNOMERA. 

This  group  is  easily  recognized  by  the  almost  entire  absence  of 
the  shell,  which  forms  so  conspicuous  a  part  in  the  greater  number 
of  the  Cladocera.  Here  it  serves  simply  to  form  a  pouch  or  brood- 
sac  for  carrying  the  eggs  and  embryos.  The  feet  are  nearly  terete 
and  prehensile,  with  but  slight  indications  of  branchial  appendages. 

FAMILY  POLYPHEMIDiE. 
Feet  five  pairs.   Antennae   with  the  rami  three-  or  four-jointed. 

I. — Genus  PoLYPHBMtJS,  De  Geer, 
Head  very  large,  separated  by  a  depression  from  the  compact 
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body;  shell  coyering  bufca  part  of  the  dorsal  refpon.  Feet  all  with 
an  internal  dentate*  and  an  external  lamellate  appendage.  Caudal 
seta  apon  a  long  process  of  the  post-abdomen. 

Sp.  1.    Polyphemus  pedicnlusy  Linn. 

(Plate  B^ .  FxRs.  4-6.) 

Jf onoculiw  pedLnOuSt  liknads,  1746.    cocbun,  LiaD.  Syst  Nat.  fabbioiits,  Ent.  Byst., 

etc.   8ULZBB,  Inseoten.   MAinTiL,  Eaoyolop.  Meth. 
MonocxOus  pecUoUtu  ramows, db  obbb,  Mem.  pour  serv. » I'Hlst.  des  lus. 
Polyphemua  octOus,  mublleb,  Zool.  Dao.  Prod,  et  Entomost.   cuvibb,  Tab.  element 

LATBBiLLB,  Hlst.  Nat.  Crust.,  etc.    lbaoh,  Edin.  Encyc. 
PolvpT^^n^tM  atofipnorum,  LBAGH,  Diet.  Be.  Nat.    latbxillb,  Cav.  Big.  An.    dbka- 

BB8T,  Cons.  Gen.  Cmst. 
Polyphemus pedlculuB,  STaAus,  Mem.  Mub.  d'Hlst., etc.  H.  BDWABDS.HUt. Nat^Crnst. 
Monoculua  polyphemuB,  JXJRivit,  Hist.  Nat  Mouoc. 

Oephaloculm  ttagnorum,  lamabck,  Hist.  An.  Vert,   bosc,  Man.  d'HUt.  Nat.  Urast. 
Monocvhu  oculus,  omblik,  Linn.  Syst.  Nat. 
SeaUeeruB  pediculuB^  kogh.  Deutsch.  Cmst. 
Polyphemus  pedictdvst  baibd,  Brit.  Entom. 
Polyphemwt ocuUUt  likvik.  Branch,  d.  Danz. 
Polyphemus  stagnorumt  fibchbb,  CJeber  die  in  d.  Umg.  von  St.  Petersburg,  vorkom. 

Crust. 
.  Polyphemus  pediculus,  ltllibbobq.  De  Crust,  ex  ord.  trlb. 
Polyphemus  oeulus,  leydig.  Naturg.  d.  Dapb. 

Polyphemus  pedkuim,  scbobdlbb,  Neue  Bsltr.  zur  Naturg.  d.  Cladoceren. 
Polyphemus  kochii,  "  *'  "  " 

Polyphemus  oculus,  *'  "  "  ** 

Polyphemus  pedi/ndus,  p.  b.  mubllbb,  Danmark's  Oladocera.   kubz,  Dodekas  n  euer 
Cladoceren.   wbismann,  Beitr.  zur  Naturg.  der  Daphnoiden. 
BiBOB,  Notes  on  Cladocera. 
Polyphemus  oeHdentalis,^  hbbbigk. 

There  are  two  well-marked  varieties  of  this  species:  one  is  found 
commonly  in  the  clear  lakes;  the  other,  which  I  have  only  once 
seen,  was  found  in  a  very  shallow  weedy  marsh.  The  difference  in 
size  is  quite  remarkable.  Our  ordinary  form  measures  less  than  1 
mm.  The  larcrer  form,  including  the  stylets,  is  1.6  mm.  The 
ordinary  variety,  although  highly  colored,  is  yet  transparent,  while 
the  large  variety  is  deep  red  and  quite  opaque.  The  relationship 
between  the  two  forms  is  quite  like  that  maintaining  between 
Diaptomus  stagnalis  and  D.  sanguineus.  Some  slight  structural 
differences  are  observable  between  the  two  varieties,  as  in  the  form 
of  the  antennules,  yet  quite  insignificant  when  compared  with  the 
striking  difference  in  size  and  coloration.  Number  two  may  be 
called 

1  Polyphemus  occidentalis,  Dekay  —  Limulus. 
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Sp.  2.    Polyphemus  stagnalis.    (Sp.  n.) 

Ill  order  to  make  the  relation  clear  between  these  forms,  I  add 
measurements  of  this  species,  following  each  with  the  correspond- 
ing measurement  of  P.  pediculus  in  parenthesis;  animals  of  the 
same  age,  as  far  as  possible,  being  chosen.  Head  (capsule  of  eye) 
0.3  mm.  (0.2  mm.);  head  and  thorax  0.7  mm.  (0.45  mm.);  abdomen 
0.7  mm.  (0.56  mm.):  caudal  stylet  0.86  mm.  (0  26  mm.);  caudal 
filaments  0.36  mm.  (0.3  mm.).  Whole  length  of  antennae  0.54  mm. 
(0.42  mm.);  first,  second  and  third  joints  oftheS-jointed  ramus  0.08, 
0.06  and  0.10  mm.,  respectively.  The  formation  of  the  resting  eggs 
or  ^'dauer  ei''  seems  to  go  on  at  the  same  time  with  the  partheno- 
genetic  reproduction. 

n. — &BNUS  Bythotrephes,  Leydig. 

Much  like  Polyphemus,  but  the  external  appendage  of  the  feet  is 
rudimentary,  and  the  abdomen  extends  out  into  a  most  enorjnous 
spine.  The  single  species  is  that  described  by  Leydig  as  B.  longi- 
manus,  which  was  found  in  the  stomach  of  Coregonus  wartmanni. 
B.  cederstromii,  of  Schoedler  and  P.  E.  Mueller,  the  latter  author 
now  identifies  with  the  above,  and  concludes  that  the  supposed 
differences  arose  from  '^retat  de  maceration  des  examplaires  exa- 
mines." (Le8  Cladoceres  des  Grands  Lacs  de  la  Suisse^  p.  11.) 
This  species  may  be  looked  for  in  the  depths  of  the  Great  Lakes. 
(See  plate  U,  fig.  10.) 

III. — Genus  Podon. 
IV. — Genus  Evadnb. 

These  are  compact  oval  forms  confined  to  the  sea.  See  Glaus, 
Zur  Ifenntniss  des  Baues  der  Polyphemiden^  Vienna,  1877,  for  the 
best  account  of  the  anatomy. 

FAMILY  LEPTODORID^. 

Feet  six  pairs.  Antennae  with  both  rami  four  jointed;  Body 
elongated,  not  curved,  shell  very  much  reduced. 
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Leptodora  hyalina,  Lilljeborg, 

(Plate  N,    Figs.  6,  7), 

the  only  species,  is  found  rarely  in  the  larger  lakes  of  Europe  and 
America. 

See  Bau  und  Lebenserscheinung  von  Leptodora  hyalina^  Weis- 
maun,  1874;  also,  Chn  en  dimorph  Udvikling  samt  Generationsvexel 
ho8  Leptodora^  Q.  0.  Sars,  1873;  also,  Bidrag  til  Cladocerenes  For- 
plantningshistorie,  P.  E.  Mueller. 

The  work  of  Sars  is  particularly  valuable,  showing  that  the  young 
produced  from  the  winter  egs:s  pass  through  a  metamorphosis  not 
experienced  by  the  summer  or  parthenogenetic  brood.  P.  E.  Muel- 
ler mentions  the  pathological  condition  induced  by  the  plants  of 
the  Saprolegnia. 
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CHAPTER  III, 


ORDER  COPEPODA. 

This  extensile  order  contains  minute  and  predominatingly  pre- 
daceous  animals  which  constitute  no  inconsiderable  part  of  the 
fauna  of  fresh  and  salt  waters.  They  serve  a  beneficent  purpose 
both  as  scavengers  and  as  providing  food-supply  for  thefry  of  fishes 
and  other  aquatic  animals. 

Gopepods  are  never  enclosed  in  a  bivalved  shell  but  ordinarily 
exhibit  a  more  or  less  elongated  cylindrical  form  composed  of  two 
obvious  sub-divisions.  There  are  a  few  species  which,  by  the  great 
prolongation  and  expansion  of  some  of  the  tergites  or  dorsal  shields, 
seem  to  simulate  shelled  Crustacea.  The  anterior  part  of  the  body, 
or  cephalothorax,  is  composed  of  ten  somites  which  are  frequently 
considerably  united  or  fused.  Five  of  these  segments  constitute 
the  head  and  bear  respectively  the  following  appendages:  first,  a 
pair  of  several-  to  many-jointed  antennae  which  are  never  prim- 
arily sensory  in  function,  although  they  usually  are  provided  with 
sense  hairs  or  other  like  organs;  second,  a  pair  of  two-branched  an- 
tennules,  which  sometimes  become  almost  simple  or  prehensile; 
third,  a  pair  of  mandibles  in  the  form  of  masticatory  or  piercing 
organs,  these  being  usually  provided  with  a  palpus;  fourth,  a  pair 
of  maxillae  of  various  form  and  function;  fifth,  a  pair  of  maxillipeds 
which  not  infrequently  subdivide  in  later  life  to  form  what  appear 
to  be  two  distinct  pairs. 

The  five  thoracic  segments  have  each  a  pair  of  shimming  feet 
consisting  typically  of  a  two-jointed  base  and  two  like,  three-jointed 
rami.  The  symmetry  is  frequently  broken  by  the  retardation  of  the 
development  of  the  inner  ramus,  while  the  fifth  pair  of  feet  may 
become  rudimentary  and  in  various  ways  subserve  the  organs  of 
sex.  The  five  abdominal  segments  are  nearly  devoid  of  appendages 
and  are  continued  posteriorly  by  two  caudal  stylets  which  bear 
strong  setae  constituting,  in  many  forms,  a  tail-fin  or  spring. 


Digitized  by  VjOOQIC 


STATB  GEOLOOtST.  125 

All  copepods,  even  such  as  are,  in  later  life,  parasitic,  begin  their 
existence  as  free-swiming  nauplii,  such  as  are  represented  on  plate 
S,  fig.  13,  and  plate  E,  fig.  8. 

Though  the  vast  majority  of  genera  and  species  are  marine,  it 
would  seem  that  fresh-water  copepods  make  up  in  the  number  of 
individuals  what  they  lack  in  variety. 

As  we  are  dealing  primarily  with  the  fresh-water  species,  no 
lengthy  description  of  the  group  is  here  necessary. 

The  earlier  history  of  our  knowledge  of  the  animals  of  this  order 
is  given  by  Baird.  According  to  this  authority,  the  first  to  mention 
any  fresh- water  species  of  this  group  was  Stephan  Blanknart  ^  in  his 
Schou'burg  der  Bupsen,  Wormen^  Ma'den^  en  vUegende  Diekens  tot 
Amsterdairt.  Leeuwenhoek  adds  numerous  interesting  details  and 
is  accredited  by  Hoek  with  being  to  first  to  discover  the  relation 
between  the  remarkably  diverse  stages  which  occur  in  the  history 
of  the  Cyclops.  However,  it  is  evident  that  he  had  a  very  incomplete 
knowledge  of  the  metamophoses. 

De  Oeer  gives  rather  characteristic  figures  of  acyclops  in  Metnoi- 
res  pour  servir  a  VHistoire  des  Insectes,  vol.  vii,  1778. 

Mtieller^  in  his  great  work  on  Entomostraca^  adds  new  facts, 
defines  species  and  form?  the  genus  Cyclops. 

Ramdohr  in  1805  gave  sundry  additions  to  the  knowledge  of 
these  animals  in  his  Beitraege  zur  Naturgeschichte  einiger  Deutschen 
Monoculus^rten,  In  this  work  the  post-embryonic  history  is  quite 
fully  outlined. 

Jurine,  in  his  classic  work  Histoire  des  Monocles  qui  se  trouvent 
aiix  Environs  de  Geneve^  1820,  crystallized  what  previous  authors 
as  well  as  his  own  original  experiments  had  brought  to  light  of  the 
anatom>  and  biology  of  these  animals. 

Ferussac  (Memoire  sur  deux  novelles  espices  d^Entomostraces) 
redescribes  known  species. 

Gunner^  Stroem^  and  Vivia>ia^  seem  to  have  had  little  effect  on 
the  knowledge  of  the  group,  though  they  wrote  prior  to  Juriue. 

A  recent  author  attempts  to  revive  the  names  of  Jurine,  though 
hitherto  it  has  been  thought  hazardous  to  attempt  a  specific  identifi- 
cation. 

The  German  author,  C  L.  Koch^  who  only  incidentally  studied 
this  group,  distinguished  mdire  or  less  perfectly,  a  variety  of  species 
which  have  been  reinstated  in  our  literature  by  Rehberg.  Although 

1  Latinised  Stephanas  Blanehardua.  Hoek  recognized  Cydope  brevicaudatus  or  C 
blcuspidatas  as  the  one  described,  chiefly  through  knowledge  of  the  present  inhabitants  of 
the  locality. 
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this  proceeding  seems  quite  unjust  to  the  careful  authors  whose 
descriptions  are  recognizable  in  themselves,  the  law  of  priority  must 
probably  prevail.  Koch's  Deufscklands  Krustaceen  appeared  in  1838. 

Baird's  British  Entofnosfraca^  without  greatly  extending  our 
knowledge  of  this  order,  put  in  readable  form  and  made  available  to 
English  readers  what  was  known,  and  added  interesting  facts.  He 
distinguished  two  families  of  Copepoda,  (1.)  Cyclopidae,  (2.)  Diap- 
tomidae.  The  first  included  the  genera  (1 .)  Cyclops,  (2.)  Canthocamp- 
tus,  (3.)  Arpacticus,  (4.)  Alteutha;  and  the  second  the  general  (1.) 
Diaptomus,  (2.)  Temora,  (3.)  Anomlocera. 

Fischer^  who  contributed  not  a  little  to  our  knowledge  of  the 
distribution  of  fresh-water  Cladocera,  was  the  next  to  describe  valid 
species.  He  described  the  species  found  near  Moscow  and  St.  Peters- 
burg, Russia. 

Ouchakoff'\%  likewise  a  Russian  author,  but  his  writings  are  quite 
unknown  to  me. 

The  justly  famous  Swedish  naturalist,  W.  Lilljeborg,  who  has 
left  his  mark  on  so  many  branches  of  natural  science,  has  not 
neglected  the  microscopic  Crustacea  of  his  fatherland.  Om  de  inom 
Skaanefoerekommande  Crustaceer  afordningarne  Cladocera^  Ostra- 
coda  och  Copepoda  is  the  somewhat  formidable  title  of  his  work, 
published  in  1855.  He  recognized  the  following  genera  of  Cope- 
poda: Diaptomus,  Temora,  Dias,  Ichtyuphorba,  Tisbe,  Tachidius, 
Harpacticus,  Canthocamptus,  and  Cyclops.  A  species  each  of  Diap- 
tomus and  Canthocamptus  is  described,  and  two  species  of  Cyclops. 
(It  would  seem  from  authors'  quotations  that  other  species  are  de- 
scribed in  an  appendix,  but  the  copy  I  have  seen  lacks  this.)  The 
author  who  has  done  most  for  micro-carcinoiogy  in  general  is  Carl 
Claus^  of  Vienna.     His  principal  works  are: 

1.  "Das  Genus  Cyclops,"  etc.    In  Wiegniann's  Archivfmr  Natur- 
geschichte,    1857. 

2.  "  Weifcere  Mittheilungen  ueber  die  einheimischen  Cyclopiden." 
The  same.  1857. 

3.  Die  Freilebenden  Copepoden,  1863. 

The  later  work  especially  is  indispensable  to  the  student  of  Co- 
pepoda, though  in  reality  it  is  more  important  in  respect  to  marine 
Copepoda. 

In  the  meantime  a  work  appeared  in  Norwegian,  with  Latin  de- 
scriptions, from  the  pen  of  G.  O,  Sars.  This  has  been  largely  over- 
looked. It  is,  unfortunately,  unaccompanied  by  plates,  but  the  de- 
scriptions bear  the  stamp  of  the  naturalist. 
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A  little  later  a  second  brief  contribution  from  this  author  was 
published,  but  I  have  not  seen  it. 

Sir  John  Lubbock  in  1863  describes  species  of  fresh-water  cope- 
pods,  but  the  publication  seems  no  longer  necessary. 

Heller^  in  Tyrol,  Fric^  in  Bohemia,  and  Uljanin,  in  Asia,  have 
studied  the  copepod  fauna. 

A  Russian  paper  by  Poggenpol  and  Uljanin  is  quoted  as  "A 
Catalogue  of  the  Copepoda,  Gladocera  and  Ostracoda  of  the  vicinity 
of  Moscow,"  by  Rehberg,  and  as  from  the  ProtokoUe  der  kais.-na- 
turw.  anthropoL  und  ethnogr.  Gen.  in  Moskau,  but  by  Cragin  who 
publishes  a  translation  apparently  of  the  same  paper,  in  part,  as 
from  the  '*  Bulletin  of  the  Friends  of  Natural  History." 

Hoek,  in  the  Tijdschrift  der  Nederlandsche  Dierkundige  Vereeni- 
ging  (Magazine  of  the  Zoological  Society  of  the  Netherlands)  1875, 
and  later  in  German  in  the  Niederlaendisches  Archivfuer  Zoologie, 
gave  excellent  figures  and  descriptions  of  some  species  which  Ciaus 
had  too  hastily  treated. 

In  1878  A,  Gruber  gave  descriptions  of  ''Two  fresh -water  Oala- 
Didae/' 

In  the  same  year  the  first  volume  of  Brady's  fine  ^^British  Cope- 
oda "  appeared.  A  purely  technical  work  and  briefly  written,  it  is 
yet  very  comprehensive  and  in  the  main  reliable.  This  is  a  worthy 
successor  of  the  Ray  Society^s  earliest  publication  on  entomostraca 
— Baird^s  great  work. 

In  the  sixth  vol.  of  the  Abhandlungen  d.  naturwisaenschaftlichen 
Vereine  zu  Bremen^  Herman  Rehberg  gives  a  systematic  review  of 
synonomy,  and  in  the  revision  unites  several  species  in  a  manner 
that  the  present  ^-T^riter  had  independently  been  driven  to  do.  It  is 
probably  impossible  either  to  substantiate  or  positively  deny  some 
of  this  writer's  identifications  of  the  species  of  the  older  authors. 

This  paper  also  contains  an  observation  of  a  hermaphroditic  Cy- 
clops, which  it  is  interesting  to  compare  with  similar  anomalies, 
described  by  Kurz  in  Gladocera. 

In  the  vii  Band  of  the*  same  periodical,  Rehberg  adds  to  and 
modifies  some  of  the  views  expressed  above.  In  the  same  number 
is  a  description  of  a  new  species  of  Temora  by  Poppe,  (The  same 
species  occurs  in  the  semi-saline  waters  of  the  Gulf  of  Mexico,  and 
had  well-nigh  gone  into  print  under  a  new  name  when  this  was 
seen.) 

In  the  above  review  we  have  noticed  only  the  more  important 
foreign  works  on  the  Copepoda  and  those  including  fresh-water 
forms.     Dana's  magnificent  Crustacea  of  the   Wilkes^  Exploring 
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Expedition  is  not  included  because  ifc  is  essentially  restricted  to  the 
marine  species,  the  few  descriptions  of  fresh-water  species,  being 
quite  valueless.  Among  important  contributors  to  the  exclusively 
marine  Copepoda,  are  Boek  (Oversigt  over  Norges  Copepoder  and  Nye 
Slcegter  og  Arter  a/ SaUvands-Copepoder),  Brady  and  Robertson^ 
Lubbock  and  Glaus. 

The  history  of  the  American  literature  can  be  quickly  traced.  ^ 

Say  described  imperfectly  an  American  species  of  Cyclops  in  1818. 
Haldeman  describes  in  vol.  viii,  of  the  Proc.  of  Phil  a.  Academy  of 
Science^  p.  33 1,  Cyclops  setosa  (which  may  be  C.  serrulatus).  Ptck- 
ering  very  imperfectly  described  a  new  genus  of  copepods  from  lake 
Ontario  in  Dekay's  Zoology  of  New  York.  This  genus  is,  most 
likely,  Eplschura  of  Forbes  and,  in  strictness,  ought  to  rank  it.  In 
1877  appeared  "A  List  of  Illinois  Crustacea,"  by  Prof.  Forbes^  in 
which  two  species  of  Copepoda  were  described  which  may  rank  as 
the  first  descriptions  at  all  adequately  framed  of  American  members 
of  the  order.  In  the  annual  report  of  the  Minnesota  state  geologist 
for  1878,  a  brief  article  by  C.  L.  Herrick  outlined,  in  the  light  only 
of  the  then  English  literature,  the  micro-crustacea  of  Minnesota. 
No  attempt  was  made  to  treat  the  Copepoda,  but  two  species  of 
Diaptomus  are  indicated  which  will  prove  valid.  Occasional  papers 
in  the  American  Naturalist  and  elsewhere  follow  till,  in  July  and 
August  of  1882,  Prof.  Forbes  addf d  two  new  genera  and  several 
species  of  Copepods^  constituting  by  far  the  most  considerable  addi- 
tion to  the  subject  yet  produced. 

In  the  report  of  the  state  geologist  of  Minn,  for  1881,  C.  L.  Herrick 
makes  a  considerable  addition  to  the  knowledge  of  American  Cyclo- 
pidsB,  enumerating  ten  species,  of  which  six  seemed  new.  This 
writer  also  describes  a  new  genus  and  several  new  species  of  Cala- 
nidae,  some  of  which  unfortunately  are  identical  with  those  described 
by  Forbes  and  published  about  simultaneously. 

Several  articles  in  the  Naturalist  bring  the  bibliography  up  to 
May,  1883,  when  F.  W,  Cragin  published  in  the  Trans.  Kansas 
Acadetny  of  Science,  "A  Contribution  to  the  History  of  the  Fresh- 
water Copepoda."  In  this  paper  ten  species  of  Cyclops  are  described 
or  mentioned.  The  author  ignored  previous  American  literature 
and  thus  adds  somewhat  to  synonomy.  The  plates  are  lithographic, 
and  are  carefully,  if  not  artistically,  prepared.  A  valuable  feature 
is  the  translation  of  the  descriptions  of  PoggenpoPs  species  from 
the  Russian. 

These  papers,  together  with  the  outline  presented  beyond,  it  is 
hoped,  will  form  a  basis  for  future  work. 
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Since  writing  the  above,  it  is  brought  to  my  notice  that  in  April, 
1881,  V.  T.  Chambers  gave  some  account  of  a  species  of  the  Hai- 
pacticidae  referred  by  him  to  Tachidius.  This  species  is  particularly 
interesting  on  account  of  it8  novel  habitat.  Tachidius  (?)  fonticola, 
Oham.,  is  found  in  the  saline  waters  of  Big  Bone  Springs,  Ky.,  and 
thus  is  very  distant  from  any  marine  congeners.  It  is  perhaps 
doubtful  if  the  generic  reference  can  be  sustained,  but  the  species  is 
worthy  of  further  study.  The  Diaptomus  described  by  the  same 
author  is  hardly  recognizable. 


FAMILY  CALANID^. 

This  group  is  pre-eminently  marine  and  contains  diverse  and 
graceful  forms  mostly  with  very  elongated  bodies  and  antennae. 
Of  the  six  genera  here  enumerated  as  more  or  less  habituated  to 
the  use  of  fresh  water,  two  are  found  as  yet  only  in  America 
and  one  is  confined  to  Europe, 

Heterocope,  namely,  is  very  near  Epischura,  both  being  restrict- 
ed to  fresh  water.  Diaptomus  and  Osphranticum  are  likewise  only 
accidentally  found  in  the  seas,  though  their  nearest  allies  are  marine. 
The  genus  Limnocalanus  is  as  yet  found  in  America  only  in  the 
Great  Lakes. 

In  the  distribution  of  genera  we  here  follow  Brady,  whose  defini- 
tion of  the  family  Galanidae,  including  Calanidsd  and  Pontellidae  of 
authors,  we  quote:  '*  Body  elongated;  composed  of  from  ten  to 
twelve  [obvious]  segments.  Abdomen  nearly  cylindrical,  much 
narrower  than  the  cephalothorax  and  prolonged  at  the  posterior 
extremity  into  two  more  or  less  cylindrical  caudal  branches 
fstylets].  First  segment  of  thorax  often  anchylosed  with  the  head; 
fourth  and  fifth  segments  also  often  coalescent.  Head  only  rarely 
divided  into  two  segments.  Anterior  antennae  very  long  and  com- 
posed of  twenty-four  or  twenty-five  joints;  that  of  the  right  side  in 
the  male  often  modified  for  grasping  [geniculate].  Posterior 
antennae  large,  composed  of  a  basal  joint,  from  which  spring  usually 
two  branches,  the  primary  branch  consisting  of  two,  the  secondary 
of  several  joints.  Mandibles  strongly  toothed  at  the  apex,  palp 
(usually)  two-branched.  Maxillae  strong,  and  provided  with  a 
many-lobed  palp.  Foot-jaws  strongly  developed:  first  pair  very 
broad;  the  basal  joints  having  on  the  inner  margin  wart-like  pro- 
cesses, from  which  spring  long  ciliated  bristles;  the  distal  extremity 
divided  into  three  short  joints  which  are  thickly  beset  with  strong 
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and  long,  ciliated  setae;  second  pair  longer  and  more  slender,  basal 
portion  forming  two  long  oval  joints;  apical  portion  usually  4-6- 
jointed.  First  four  pairs  of  feet  2-branched,  the  outer  branches 
always  three-jointed.  Fifth  pair  either  like  the  foregoing,  or  much 
modified,  unlike  on  the  two  sides,  and  in  the  male  forming  clasp- 
ing organs.  A  heart  is  present.  Eyes  either  median  and  stalked 
or  paired  (lateral)  and  sessile;  in  the  latter  case  being  often  coales- 
cent  and  composed  of  several  lenses.  Sexual  organs  in  the  female 
symmetrical,  in  the  male  asymmetrical.  Ovisac  single,  borne  in 
front  of  [below]  the  abdomen. 

I.— Genus  Heterocope,  Sars. 

Gephalothorax  7-jointed;  abdomen  of  female  three-jointed;  caudal 
stylets  short,  with  three  large  setae  and  other  small  spines.  Anten- 
nae long,  slender.  25-jointed;  right  male  antenna  geniculate,  the 
six  joints  preceding  the  nineteenth  swollen  slightly,  the  previous 
ones  coalescent;  external  ramus  of  the  antennules  7-jointed;  labrum 
tri-lobate;  feet  of  the  four  anterior  pairs  with  the  inner  rami  one- 
jointed;  fifth  feet  of  female  with  a  single  ramus,  three-jointed,  with 
a  terminal  spine.  The  right  foot  of  the  male  is  cheliform, 
four-jointed,  second  joint  extending  into  a  long  cylindrical  process, 
the  terminal  joint  with  two  apical  claws. 

The  writer  is  familiar  with  but  three  species — H.  appendiculata, 
5ars,  H.  saliens,  Lilljeborg,  {—  H.  rubusta,  Sars^)  and  H.  alpina, 
Sars.  None  of  these  have  as  yet  been  positively  identified  in 
America*  and  their* place  seems  supplied  by  the  following  genus. 

II. — Genus  Epischura,  Forbes. 

{—  Scopiphora,  Pickering?) 

Undoubtedly  the  most  remarkable  of  fresh  water  copepods  are 
the  two  American  species  of  this  genus.  It  is  not  yet  certain  that 
the  second  species  may  not  be  a  young  stage  of  the  first  but  it  seems 
quite  improbable. 

Related  with  Heterocope,  Sars.  The  antennae  are  25-jointed, 
the  right  of  the  male  being  geniculate.  Ttie  thorax  is  6-jointed, 
the  last  two  segments  being  partially  coalesced.  The  abdomen  is 
five-jointed  in  the  male  and  four-jointed  in  the  female,  one  branch- 
ed, in  the  male  modified  for  prehension.    Abdomen  of  male  with  a 

^Heterocope  ia  said  by  Patlen  (Cragen)  to  be  common  at  Watertown,  Oonn. 
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preheDsile  appendage  on  the  left  side,  often  more  or  less  distorted. 
Inner  rami  of  swimming  feet  one-jointed.  Caudal  stylets  with 
three  long  set®.  The  first  mention  of  an  animal  of  this  genus 
seems  to  be  Pickering^s  description  of  Scopiphora  vagans  from  deep 
water  in  lake  Ontario.  It  seems  almost  certain  that  the  species  so 
imperfectly  described  in  Dekay^s  Crustacea  of  New  York,  is  none 
other  than  a  species  of  Epischura,  but  [  hesitate  to  substitute  for 
a  name  accompanied  by  good  descriptions  and  figures,  and  one 
which  has  already  been  incorporated,  to  some  extent,  into  our 
literature,  one  which  is  founded  on  a  description  so  imperfect  and 
general  that  one  incidental  character  alone  enables  one  to  guess  its 
application.    The  following  is  Pickering^s  description: 

'^  Body  small,  eye  single,  near  the  anterior  margin  of  the  shield. 
Antennse  large,  and  as  long  as  in  the  preceding  genus  [Cyclops], 
and  has  the  same  motions  in  the  water.  Abdomen  terminating 
in  two  styles,  each  with  three  setae;  last  or  three  last  joints.  Ova- 
ries none;  legs  spiny." 

What  is  meant  by  the  ^^brush"  fails  to  appear,  unless  the  speci- 
mens were  ornamented  with  some  parasitic  plants  or  animals. 
The  three  setse  of  the  caudal  stylets  and  long  antenuso  will  place 
this  form  in  no  American  genus  save  Epischura.  But  even  this 
statement  of  Pickering  may  be  held  doubtful. 


Sp.  1.    Epischura  lacustriSy  Forbes. 

( Plate  Q.    Fig.  15.) 

*^  The  scond  segment  of  the  abdomen  of  the  male  is  twice  as  long 
as  the  first,  and  produced  to  the  right  bh  a  large,  elongate,  trian- 
gular process,  somewhat  hooked  backwards  at  the  tip.  The  third 
segment  is  similarly  produced,  but  rounded  and  expanded  at  the 
tip,  which  is  roughened  before  and  behind. 

From  the  right  side  of  the  fourth  segment  arises  a  stout  process 
bearing  at  its  apex  a  hatchet-shaped  plate  with  seven  broad  obtuse 
serratures  on  its  anterior  margin.  This  process  is  roughened  be- 
hind, where  it  is  opposed  to  the  concave  side  of  the  left  ramus  of 
the  furca.  From  the  same  side  of  the  fifth  segment,  a  short  flat- 
tened plate,  of  a  spatulate  or  paddle-like  form,  extends  forward 
above  or  beyond  the  toothed  process  just  mentioned. 

The  antennae  are  25-jointed,  and  reach  to  the  second  segment  of 
the  abdomen.    There  are  especially  prominent  sensory  hairs  on  the 
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first  and  third  joints,  borne  at  the  tips  of  long  spines.  The  anten- 
nules  are  short,  the  ramus  apparently  but  three-jointed,  the  short, 
median  joints  common  in  this  appendage  being  only  obscurely  in- 
dicated. The  mandible  has  but  seven  teeth,  the  first  simple  and 
acute,  separated  from  the  second  by  an  interval  about  equal  to  the 
second  and  third,  the  second  to  the  sixth  bifid,  the  seventh  entire 
and  acute.  The  usual  plumose  bristle  is  replaced  by  a  sharp, 
simple  spine. 

The  outer  ramus  of  the  fourth  pair  of  legs  has  two  teeth  at  the 
outer  tip  of  each  of  the  two  basal  joints.  The  terminal  joint  of 
this  ramus  is  armed  as  follows:  a  short  simple  spine  at  middle  of 
outer  margin  and  another  at  the  distal  outer  angle;  a  single  and 
long  terminal  seta,  strongly  and  sharply  toothed  externally  and 
plumose  within,  and  four  long  plumose  setae  attached  to  the  inner 
margin. 

The  left  leg  of  the  fifth  pair  in  the  male,  viewed  from  behind,  has 
the  basal  joint  very  large,  broader  than  long,  with  the  inner  inferior 
angle  produced  downwards  as  a  long,  stout,  curved  process  or  arm 
as  long  as  the  two  remaining  joints.  The  second  joint  is  trapezoid- 
al, shortest  within.  The  third  joint  is  about  half  as  wide  at  base 
as  the  first,  is  straight  without,  with  a  sharp,  small  tooth  at  its 
distal  third,  and  bifid  at  tip.  On  the  inner  margin  this  joint  is  at 
first  dilated  a  little,  and  then  deeply  excavated  to  the  narrow  tip, 
to  receive  the  lower  end  of  the  left  leg,  the  lower  two-thirds  of  this 
margin  forming  the  segment  of  a  circle. 

The  right  leg  is  two-jointed,  the  first  joint  twice  as  broad,  enlarg- 
ed at  the  lower  end,  forming  an  auriculate  expansion  at  its  inner 
inferior  angle.  The  second  joint  is  conical  in  outline  and  about 
two-thirds  as  long  as  the  first. 

The  terminal  bristles  of  the  rami  are  very  broad  and  strong  in  the 
female,  the  outer  one  especially  having  an  extraordinary  size  and 
thickness.  There  is  also  at  the  outer  angle  of  each  ramus  a  short, 
stout  spine,  that  on  the  left  ramus  being  inflated  like  the  outer 
bristle.    Length  .065  in. 

The  legs  of  the  fifth  pair  in  the  female  are  three-jointed  and 
similar,  the  basal  joint  short  and  broad,  the  second  two  and  one- 
half  times  as  long  as  wide.  The  leg  terminates  by  four  diverging 
teeth,  preceded  by  two  others,  one  on  each  side^ 

Taken  in  the  towing  net  abundantly  in  October,  1881,  at  Grand 
Traverse  bay;  also  obtained  rarely  by  Mr.  B.  W.  Thomas,  from  the 
city  water  of  Chicago." 

Occurring  in  Minnesota,  probably  in  lake  Superior. 
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Sp.  2.    Epischura  flaviatilis,  Herrick. 

(Plate  Q.    Figs.  14  and  16.) 

Similar  to  the  above  but  smaller  (.04  in.)  The  females  are  very 
similar,  thoagh  the  fifth  feet  are  more  elongate  and  differently 
spined.  The  abdomen  is  perfectly  straight  and  the  three  caudal 
seise  are  of  nearly  equal  size.  The  claw  is  armed  with  eight  teeth, 
all  but  the  first  of  which  are  emarginate.  The  abdomen  of  the 
male  is  straight,  but  has  a  strong  process  on  the  left  side  which 
bears  a  movable  claw  laterally  and  a  small  second  segment  which 
terminates  in  two  small  spines.  The  fifth  foot  of  the  male  is 
peculiar;  the  inner  ramus  (or  the  left  foot)  lamelliform,  one-jointed, 
with  two  opposable  claws;  the  right  branch  is  simple  and  3-jointed, 
in  form  like  that  of  the  female.  Here  we  have  the  most  marked 
difference  between  the  two  species.  Found  in  Mulberry  creek, 
Cullman  county,  Alabama,  Although  a  considerable  number  were 
examined  no  oviferous  female««  were  found,  while  the  males  contain- 
ed the  spermatophores  and  can  hardly  be  thought  immature,  and, 
as  it  is  in  the  male  that  the  most  marked  differences  appear,  the 
two  species  seem  certainly  distinct. 

ni, — Gbntjs  Tbhoaa,  Baird. 

(Plate  H.    Figs.  8—16.) 

This  genus  contains  several  marine  forms  and  two  which  are 
found  also  in  streams  opening  into  the  sea.  The  species  seem  to 
be  as  follows:  T.  velox^  Lilljeborg,  T,  longicomis,  Mueller,  (— T. 
fimnarchia^  Baird,  '=Diapfomu8  longicaudatus^  Lubbock),  T. 
artnata^  Glaus,  T.  inermis^  Boeck,  and  T.  affinis^  Poppe.  T. 
clausii,  Hoeck,  is  said  by  Poppe  to  be  certainly  identical  with  T. 
velox.  Hoeck's  figures  are  incomparably  better  than  any  of  the 
preceding,  but  he  seems  to  have  been  misled  by  errors  in  Lilljeborg. 
The  species  described  by  me  before  the  Academy  of  Sciences  of 
Minnesota  (but  still  unpublished)  as  T.  gracilis,  from  the  brackish 
waters  bordering  the  gulf  of  Mexico,  agrees  very  closely  with  T. 
affinis,  Poppe.  (Abhandlungen  v.  naturw,  Yereine  z.  Bremen, 
1880,  p.  55.)  This  name  must  therefore  take  precedence.  This 
species  has  been  found  in  the  Rhine  and  rivers  flowing  into  the 
gulf  of  Mexico,  as  well  as  in  the  marine  or  brackish  waters  into 
which  these  rivers  flow.  The  occurrence  of  the  genus  in  American 
fresh  waters,  justifies  its  mention  here. 
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IV.— Genus  Osphrakticum,  Forbes, 

(=Potamoichetor,  Herrick.) 

First  reported  as  Potamoichetor  before  the  Minnesota  Academy 
of  Sciences  in  1879,  but  owing  to  a  disastrous  fire,  publication  was 
prevented.  Priority  probably  belongs  to  Forbes'  name,  since, 
although  first  printed  in  the  tenth  annual  of  this  survey,  the  edition 
was  not  distributed  till  after  the  August  issue  of  the  American 
Naturalist  of  1882,  containing  the  description  above  alluded  to. 
Forbes  says  this  genus  has  antennae  23-jointed;  all  the  specimens  we 
have  gathered  from  Minnesota  to  Alabama  had  24-jointed  anten- 
nae.   The  original  description  of  ''Potamoichetor"  is  appended. 

^^Gephalothorax  six-jointed,  distal  segments  evident;  abdomen, 
in  the  male,  five-jointed,  in  the  female  four-jointed;  antennae 
twenty-four-jointed,  the  right  geniculated  as  in  Gentropages 
(=Ichthyophorbia);  first  pair  of  feet  with  the  rami  both  three- 
jointed,  like  the  following;  feet  of  the  fifth  pair,  in  the  female,  like 
the  preceding^  but  with  a  spine  of  the  joint  preceding  the  terminal 
one  enlarged  and  divaricated  somewhat  as  in  Centropages;  in  the 
male,  the  right  with  a  two-jointed  outer  ramus,  the  terminal  joint 
of  which  is  spined  and  bears  near  its  base  a  blunt  expansion  of  its 
inner  margin;  outer  ramus  of  lefb  foot  three-jointed,  armed  with 
unequal  spines;  inner  branches  smaller,  similar,  three-jointed;  the 
terminal  joint  bearing  curved  spines;  ovary  and  testes  as  in  Diap- 
tomus,  with  which  the  mouth  parts  agree  in  the  main;  eyes  me- 
dian,* confluent.^' 

Our  own  experience  is  that  the  single  species  of  this  genus 
prefers  estuaries  of  running  water.  Forbes,  however,  has  taken  it 
from  swamps  and  wayside  pools. 

Sp.  1.    Osphranticam  labronectum,  Forbes. 

(Plate  Q2 .    Figs.  1—8  and  13—14.) 
Fotamoicheuyr  fuoosuBt  hbrrick,  Gydopidse  of  Minnesota,  etc.,  p. ^4. 

''  Rather  slender,  and  in  size,  as  well  as  general  appearance,  re- 
sembling the  smaller  forms  ofDiaptomus;  antennae  rather  stout, 
reaching  but  little  beyond  the  feet,  appendaged  as  in  Diaptomusi 
in  the  male  strongly  geniculated,  but  somewhat  variously  so;  the 
six  joints  preceding  the  terminal  four  are  thickened;  those  preced- 
ing the  joint  or  hinge  are  arcuate  on  the  distal  margins ;  the  secondary 
antennae  are  about  as  in  Diaptomus;  mandibular  palp  two-branched, 
the  outer  three-jointed,  the  inner  two-jointed;  the  terminal  joint  of 
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the  shorter  branch  .beariofi:  s^ven  seta?,  of  the  other  four,  the  proxi- 
mal joint  of  the  former  with  three  stout  spines;  the  maxillae  nearly 
like  Diaptomus;  the  processes  hare  respectively  the  following 
numbers  of  setae:  the  basal  plate  eight,  the  small  processes  at  base 
of  posterior  branchial  appendage  one,  the  appendage  itself  twelve, 
terminal  portion  three  groups,  first  containing  nine,  the  second 
three,  and  the  third  four  or  five,  the  npper  of  the  anterior  processes 
two,  and  the  lower  three;  fifth  feet  nearly  like  the  others  in  size; 
the  right  in  the  male  having  the  outer  branch  but  two-jointed  by 
the  coalescence  of  the  two  outer  to  form  an  arcuate  and  deformed 
appendage,  armed  at  the  end  with  three  stout  equal  spines;  corres- 
ponding branch  of  left  foot  three-jointed;  the  terminal  joint  bearing 
three  unequal  spines,  each  of  the  preceding  joints  only  one;  inner 
branches  similar,  three-jointed;  terminal  joint  being  short  and  armed 
with  three  short  lanceolate  setae  and  three  longer  ones,  two  of  which 
are  curved  so  as  to  be  slightly  prehensile;  fifth  foot  of  female  with 
both  rami  three-jointed;  inner  ramus  much  smaller;  antepenult 
segment  of  the  outer  ramus  extending  into  a  large  lanceolate  pro- 
cess; ova-sac  long-ellipsoidal  or  spherical,  reaching  nearly  to  the  end 
of  the  caudal  setae/^ 

V. — Genus  Diaptomus,  Westwood. 

The  most  widely  distributed  and  well-known  of  fresh  water  Cala- 
nidae,  inhabiting  in  various  species  the  smallest  as  well  as  the  largest 
bodies  of  standmg  or  sluggishly-flowing  fresh  water.  Apparently 
a  recently  formed  group  whose  nearest  known  ally  is  the  curious 
Pseudo-diaptomus,  found  in  the  gulf  of  Mexico.  The  animals  of 
this  genus  are  apparently  very  susceptible  to  the  influences  of  the 
environment,  and  are  consequently  extremely  variable  not  only  in 
color  but  in  minor  structural  points.  In  America  there  is  a  curious 
fact,  which  is  susceptible  of  different  explanations,  one  of  which 
was  given  in  the  American  Naturalist  at  various  times  during  the 
year  past.  The  species  or  varieties  fall  in  pairs,  one  of  which  is 
smaller  and  less  highly  differentiated,  while  the  other  is  greatly  en- 
larged and  has  the  peculiarities  emphasized.  These  sets  occur  in 
open  and  shallow  water  respectively.  The  large  varieties  are,  as 
the  rule,  restricted  to  such  shallow  weedy  pools  as  dry  up  during 
summer  and  freeze  solid  in  winter.  The  forms  intermingle  slightly, 
but  there  are  seasonal  differences  of  greater  or  less  extent. 

The  body  is  composed  of  an  elongated  thorax,  with  which  the 
head  is  united,  forming  a  six-jointed  cephalothorax.    The  abdomen 
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is  five-jointed,  though  in  the  female  these  joints  are  so  anited  as  to 
cause  the  abdomen  to  appear  three-jointed.  The  antennas  are 
twenty-five-jointed,  and  the  rieht  male  limb  is  modified  by  a  coal- 
escing of  some  of  the  terminal  joints,  a  thickening  of  others  and 
the  development  of  certain  spines,  hooks,  and  knife-like  ridges  to 
form  a  prehensile  organ.  The  first  pair  of  feet  has  two-jointed 
inner  rami.  The  remainder  have  both  rami  three-jointed,  save  the 
last.  This  fifth  foot  is  differently  formed  in  the  sexes,  the  inner 
branch  of  the  fifth  foot  beins:  one  or  two-jointed.  Terminal  joint  of 
the  outer  ramus  of  this  limb  in  the  female  very  small  or  apparently 
absent,  second  joint  produced  to  form  a  stout  curved  claw.  The  left 
foot  is  reduced  in  the  male,  serving,  in  some  species,  to  affix  the  sper- 
matophore  to  the  body  of  the  female,  while  the  abdomen  is  held  by 
the  right  foot.  The  last  segment  of  the  thorax  has  one  or  two  sharp 
spines  below.  The  spermatophore,  or  sperm  case,  is  a  long  tube 
with  coagulating  expansive  lining,  which  forces  out  its  contents  on 
exposure  to  the  water.    The  colors  are  frequently  brilliant. 

Three  or  four  species  of  this  genus  are  known  in  Europe,  the 
first  being  Diaptomus  castor  which  seems  universally  distributed. 
It  can  hardly  be  doubted  that  the  six  forms  mentioned  below  belong 
among  the  varieties  of  this  species;  yet  these  forms  can  be  disting- 
uished very  well,  and  are  deserving  of  dii^tinct  names.  Two  other 
forms  are  nearest  D.  gracilis  of  Sars,  but  sufficiently  distinct.  These 
stand  related  as  do  the  pairs  of  the  other  section,  and  can  not  be 
readily  distinguished. 

The  following  is  the  most  convenient  arrangement  of  the  genus 
I  have  been  able  to  devise. 

Key  to  the  Genus  Diaptomus. 

I.  Foim  robust;  right  antenna  of  the  male  with  a  hook,   much 
swollen  anterior  to  the  geniculating  joint. 

A.    Head  nol  grreatly  dilated . 
*  Last  segment  of  tb«rax  prolonged  into  a  sharp-spined  angle  or  tooth. 
t  With  but  one  tooth  (?). 

1.  D.  ecwtor,  Jurine. 
n  With  two  teeth. 

t  Length  under  3  mm. 

i  Inner  rami  of  fifth  feet  in  the  female  1-jointed. 

2.  D.  §anguineu8.  Forbes. 
4.    D.  amuUutf  Herrick. 

$1  Inner  rami  2-iointed. 

8.    D.  mtnnetonio,  Herrick. 
U  Length  over  8  mm. 
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6.  D.  tt<»ffndLi*f  Forbes. 

**  Last  segment  of  the  thorax  more  or  less  united  with  the  previous  one,  bearing  very 
small  spines. 
6i  -  D.  UmgieomUt  Herrick. 

(a)  Length  under  2  mm. 
var,  IgpiopuM,  Forbes. 

(b)  Length  over  2  mm. 
var,  9imUi9,  Herrick. 

B.    Head  enlarged. 

7.  i>.  laMesps.  Sars. 

II.  Form  slender,  elongate;  head  divided  into  two  portions;  antennse 
long,  slightly  altered  in  the  male. 

A.  Antenna  of  male  with  a  hook. 

8.  D.  graeilUt  Sars. 

B.  Antenna  of  ma*e  without  a  hook. 

91    D,  paOtdu*,  Herrick. 

(a)  Antennie  much  longer  than  the  body,  inner  rami  of  fifth  pair  of  feet  in  the  male 
1-jointed. 

var.  paUidui,  Herrick. 

(b)  Antennse  little  longer  than  the  body,  inner  ramus  of  fifth  feet  bi-articuliite. 
tNzr.  aieUis,  Forbes. 


Sp.  1.    Diaptomus  castor,  Jarine.    [Sars.] 

"Corporis  forma  sat  robusta.  Cephalothoraz  in  femtna  postice  parum  antioe  vero  magis 
attenuatus,  angulis  laminarum  segmenti  ultimi  obtusis.  Segmentuui  1-mum  abdomioale 
absque  mucrone  laterali.  Rami  caudales  brevissiml  segmento  anteoedente  vix  longiores 
setis  orassis  et  brevibus.  Antennse  1-mi  paris  mediocris  longitudinis  reflexsB  segmentum 
3-tium  abdominale  vix  superantes,  animali  natante  leviter  arcuatse  adque  latera  veigentes ; 
artieulus  ultimns  [?]  antennsB  dexire  maris  in  hamnlum  exiens  acuminatum.  Bamus  an- 
tennarum  2-di  paris  exterior  interiore  parum  modo  longior,  articulo  ultimo  quam  antece- 
dentibus  5  Junotis  breviore.  Artieulus  ultimus  pedum  5-ti  paris  in  femina  perrudimentaris 
tuberculum  solum  minimum  aculeo  uno  parvo  instructum  formans ;  unguis  iutus  curvatus 
maximus  validusque ;  appendix  interna  indistincte  bi>articu1ata  longitudinem  artiouli  8-ti- 
superans ;  unguis  terminalis  pedis  dextri  maris  longissimus  leviterque  arcuatus.  Saccus 
oviferus  parva  et  multa  oontinet  ova  colore  castaneo.  Color  animalis  variat  ex  falvo,  cse- 
ruleo  vel  rubro.    Longit.  fem.  interdum  fere  3  mm .    Habitat  in  aquis  stagnantibus." 

The  description  quoted  abore  from  Sars  does  not  agree  with 
Glaus*  or  Brady^s  account  of  the  same  species.  From  what  Brady 
says  of  the  English  Diaptomi  one  would  conclude  that  the  same 
variations  occur  there  as  here.  D.  westwoodii,  which  he  unites 
with  D.  castor,  is  certainly  as  different  from  that  species  as  our  D. 
stagnalis  is  from  D.  sanguineus.  An  actual  comparison  of  specimens 
will  be  necessary  to  clearly  define  the  relation  of  the  American  and 
European  species. 
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Sp.  2.    Diaptomus  sanguineus,  Forbes. 

(Plate  Q,    Fig.  12.) 

A  species  found  with  us  in  stagnating  pools  in  early  spring, 
frequently  following  D.  stagnalis  and  giving  place  to  D.  leptopus. 
It  prefers  pools  less  foul  than  those  affected  by  the  latter,  though 
not  rarely  found  with  it  temporarily.  The  species  is  quite  variable, 
and  the  variations  are  in  directions  suggestive  of  other  species. 
Measurements  taken  of  specimens  from  a  gathering  from  two 
pools,  one  being  more  stagnant  than  the  other,  showed  the  follow- 
ing results: — males  from  the  less  stagnant  1.7  mm.;  males  from  the 
other  pool  2.0  mm.;  a  difference  of  0.3  mm.  (Males  of  D.  stagnalis 
from  the  latter  gathering  measured  3.4  mm.,  while  the  females  of 
that  species  vary  between  3.8 — 3.9  mm.)  Females  measure  about 
1.8  mm.  on  an  average,  of  which  1.3  mm.  is  the  length  of  the  thorax. 
Such  individuals  have  antennsB  1.7  mm.  long.  The  greatest  width 
is  anterior  to  the  middle,  being  about  0.5  mm. 

This  species  differs  from  D.  stagnalis  of  which,  in  most  respects, 

is  a  miniature,  by  the  long  antennae,  short  abdomen  and 
peculiar  armature  of  the  fifth  feet. 

In  the  female  the  fifth  foot  is  about  0.5  mm.  long,  and  the  outer 
ramus  has  two  small  spines  on  the  terminal  joint,  while  the  seg- 
ment before  the  last  has  a  powerful  toothed  claw.  The  inner  ramus 
is  not  evidently  two-jointed.  The  first  abdominal  segment  is 
spurred  on  either  side.  The  last  thoracic  segment  extends  into  a 
strong  angle  which  bears  a  heavy  spine  terminally,  and  a  smaller 
spine  dorsally.  On  the  dorsal  median  line  is  a  protuberance  or 
"hump"  on  this  segment.  In  the  male  the  outer  ramus  of  the  right 
foot  of  fifth  pair  is  long,  and  terminates  in  a  powerful  curved, 
toothed  claw.  The  inner  ramus  is  small  and  narrowed  toward  the 
end;  on  the  outside  of  the  segment  from  which  it  springs  is  a  blunt 
spine,  which  is  nearly  as  large  as  the  ramus  itself,  and  has  been 
mistaken  for  it.  The  left  foot  is  very  fleshy  and  its  inner  ramus 
very  rudimentary.  The  color  is  brilliant  red  or  purple  but  variable. 
Found  in  the  southern  states  in  autumn. 

Sp.  3.    Diaptomus  minnetonka^  (Sp.  n.) 

(Plate  Q.    Figs.  8— 10.) 

A  small  species,  smaller  than  either  D.  longicornis  or  D.  sangui* 
neus,  was  gathered  in  a  pool  bordering  lake  Minnetonka,  which 
contained  also  D.  longicornis.    It  unites  thechara3teristics  of  both 
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species.  The  antennsB  reach  beyond  the  stylets,  the  color  is  dark, 
the  margins  of  the  last  segment  of  the  thorax  is  rather  strongly 
spined^  very  much  as  in  D.  sanguineus.  The  fifth  feet  of  the  female 
resemble  very  much  those  of  D.  leptopus,  but  the  first  segment  of 
the  abdomen  has  a  strong  spine.  The  fifth  foot  of  male  resembles 
that  of  D.  sanguineus  more  than  that  of  leptopus.  This  species 
was  seen  but  once,  and  no  measurements  can  be  given  save  that  of 
the  male  which  was  1.4  mjn. 

Sp;  4.    Diaptomus  armatas,  Herrick, 

Is  founded  upon  an  imperfectly  known  form  in  which  the  an- 
tennae do  not  reach  the  end  of  the  abdomen;  the  thickened  part  of 
the  male  antennae  short;  the  antenna  armed  as  in  D.  sanguineus; 
the  terminal  claw  of  the  fifth  foot  of  the  male  with  a  tooth  near 
the  base;  the  claw  being  nearly  as  long  as  the  ramus. 

Sp.  5.    Diaptomas  stagnalis,  f  orbes. 

(Plate  Q.    Fifjra.  11  and  13.) 
D.  gigantem,  hxbrigk. 

The  largest  species  of  the  genus  and,  not  improbably,  too  close 
to  D.  westwoodii,  Lubbock.  The  general  characters  are  like  those 
of  D.  sanguineus,  but  the  form  is  much  more  robust  and  the  anten- 
nae only  moderately  exceed  the  thorax.  The  proportions  may  be 
gathered  from  the  measurements  given,  In  the  female  the  length 
of  thorax  is  2.5  mm.;  abdomen  1.2  mm.;  antennae  2.3  mm.;  stylets 
0.1  mm.  The  caudal  stylets  are  as  broad  as  long,  or  nearly  so.  The 
last  thoracic  segment  extends  into  an  irregular  process  0.1  mm. 
long,  bearing  a  spine  dorsally.  The  first  abdominal  segment  is 
spurred  on  either  side.  The  fifth  feet  in  the  female  have  two-jointed 
inner  rami.  The  tftrminal  segment  of  the  outer  ramus  is  more  than 
ordinarily  distinct,  while  the  claw  is  biserrate.  The  right  foot  of 
the  fifth  pair  in  the  male  is  very  long,  iti  claw  being  strongly  tooth- 
ed. On  the  inside  of  the  second  joint  from  the  base  is  ai disc-like  ap- 
pendage peculiar  to  this  species.  The  left  foot  is  short.  The  longer 
ramus  is  three-jointed,  but  the  terminal  joint  is  a  mere  curved  spine, 
opposing  a  spine  from  the  penultimate  segment,  which  is  covered 
with  minute  spines  or  teeth.  The  basal  joint  of  the  ramus  has  a  brist- 
ly protuberance  distally.  The  inner  ramus  is  marked  with  oblique 
ridges.  The  right  antenna  has  a  powerful  hooked  spine  on  the 
antepenult  segment,  the  two  segments  beyond  which  coalesce  in 
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maturity  as  in  the  other  related  species.  For  measurements  see 
above.  Color  deep  opaque  red  or  purple.  Appearing  in  early  spring 
as  soon  as  the  ice  is  melted  from  the  pools  which  it  inhabits.  In 
the  south  it  occurs  in  autumn.  The  name  above  given  seems  to 
have  the  priority,  although  this  species  was  figured  and  described 
at  about  the  same  time  m  the  annual  of  this  survey. 

Sp.  6.    Diaptonius  longioomis,  Berrick 

This  name  was  applied  somewhat  loosely,  the  description  given 
being  incomplete,  but  re-examination  of  types  shows  it  to  belong 
unquestionably  to  the  form  since  described  as  Z>.  leptopus.  In  our 
state  we  have  found  another  variety,  in  general,  almost  identical 
with  the  type  specimens,  but  nearly  twice  as  large.  It  is  now 
proposed  to  extend  the  sicrnificance  of  this  name  so  as  to  include 
both  varieties,  which  will  undoubtedly  be  found  connected  by 
intermediate  forms,  thus  retaining  the  name  given  by  Forbes  for 
the  variety  to  which  it  in  particular  applies. 

(a)  var.  leptopus^  Forbes. 

This  species  is  the  commonest  member  of  the  genus  in  small 
lakes  and  clear  pools.  It  is  tolerably  constant  in  coloration,  but 
varies  somewhat  in  si^e.  The  original  description  is  insufficient  to 
identify  the  species  definitely,  but  taken  in  connection  with  the 
figure  and  the  measurement,  could  hardly  be  refered  to  either  of 
the  other  American  forms.  This  species  is  characterized  by  the 
very  compact  thorax,  the  margin  of  the  last  segment  of  which  has 
two  very  minute  spines;  and  by  the  form  of  the  fifth  feet.  The 
antennae  reach  nearly  to  the  end  of  the  caudal  setae,  while  in  the 
next  they  fall  short  of  the  length  of  the  stylets.  The  outer  spines 
of  the  swimming  feet  are  denticulate  on  the  outer  margin  and  setose 
within.  The  fifth  feet  of  the  female  are  compact,  the  inner  ramus 
is  more  or  less  obviously  two- jointed;  the  third  joint  of  the  outer 
ramus  is  almost  obsolete  and  has  two  short  spines;  the  claw  of 
r<econd  joint  is  strongly  denticulate.  The  male  fifth  foot  has  a 
rather  long  inner  ramus  which  is  very  imperfectly  two-jointed;  the 
left  foot  is  rather  long;  the  claw  of  the  right  foot  is  armed  with 
crenulate  teeth.  Length  1.5—1.7  mm.,  without  setae.  The  body, 
which  is  broadest  anterior  to  the  middle,  is  bluish;  the  tips  of  the 
antennae  are  deep  purple.  The  eggs  are  not  as  numerous  as  in  the 
next. 
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(b)  var,  simills,  (Var.  d.) 
(Plate  Q.    Figs.t'i— 7.) 

This  form  is  twice  as  large  as  D.  leptopus,  but  otherwise  scarcely 
distinguishable.  It  occurs  in  autumn  (and  spring?)  in  shallow 
pools,  which  can  but  be  frozen  solid.  The  following  differences 
are  the  only  points  yet  noticed.  Females  of  both  of  the  species 
were  placed  side  by  side  upon  a  slide  and  examined.  D.  leptopus 
measured  2.4  mm.,  exclusive  of  caudal  setae;  the  antennae  reached 
hardly  to  the  base  of  the  stylets;  the  eggs  measured  0.12  mm.,  while 
those  of  D.  longicomis  measured  0.8  mm.;  the  egg-sac  measured 
0.8  mm.,  while  that  of  longicornis  was  0.5  mm.  A  few  other  minute 
differences  were  noticed,  but  the  general  form  and  color  was  iden- 
tical. The  peculiar  doubling  of  the  edge  of  the  last  segment  is 
characteristic  of  these  two  forms;  each  has  a  small  spine  on  either 
side  of  the  abdomen.  The  base  of  the  inner  ramus  of  left  foot  of 
fifth  pair  of  the  male  has  a  double  series  of  spines. 

Sp.  7.    Diaptomus  laticeps,  Sars. 

"Cephalothorax  aiitlce  dllatatus,  latldudiDe  maxima  In  parte  antica  capitis  slta. 
postice  senslm  atteDuatuB,  seitrmento  ultimo  feminse  ad  latera  parom  extante  angulis 
lateralibns  acumtnatis.  Segmeutam  l-mum  abdominale  feminse  antiee  latum  mucrone 
brevi  lateralt  armatum,  postioe  seusim  attenuatnm.  Rami  caudales  sat  magni  seg* 
menta  autecentia  2  Juncta  longitudine  sequantes  sells  brerisslmis  et  robustis  Instructl . 
Antennse  1-ml  parts  feminse  longltudlnem  corports  sequantes,  anlmall  natante  reetse  et 
qnam  In  D.  graolli  adbue  magis  postlce  yergeates  ;  artlculus  antepenultimus  antennse 
dextrsB  marls  bamulo  armatus.  Ramas  exterior  anteniiarum  j-di  parts  Intertore  multo 
longlor  artlculo  nltlmo  longltudlnem  articulorum  antlcedentium  5  sequaute.  Pedum 
5-tl  parts  femln»  artlculus  nltlmus  parvus,  cylindrlcns,  non  vero  tarn  rudlmentarts 
quam  in  D.  castore,  aculeo  uno  brcTl  apicall  instructus ;  appendix  Interna  ne  tertlam 
quldem  lengltudlnis  artlcull  3-ti  partem  sequans  et  unlarticulata  ;  pedis  dextrl  marls 
artlculus  s-tlus  extrorsum  aculeo  fortl  armatus,  ungue  termlnall  Talde  flexuoso  et  sub- 
sigmoldes ;  sinister  aouleis  duobus  rectls  termlnatus.  Saccus  oyiferus  sat  malta  conti- 
netova.  Color  pleurumque  laete  cseruleus,  Interdum  pallidler,  albescens.  Longlt. 
feminse  circlt.  l%  mm." 

8p.  8.    Diaptomus  gracilis,  Sara. 

''Corpus  quam  in  D.  castore  gracilius,  cephalothorace  et  antiee  et  postlce  attenuate, 
latitudlne  maxima  in  medio  slta.  Aoguli  lamlnarum  segmentl  nltimi  tboracalls  femi- 
nse in  mucrones  tenues  et  aouminatos  product!,  et  mucrone  slndli  sat  magno  segmen- 
tum  l*mum  abdominale  utrtnque  armatus  est.  Rami  abdominales  breves  setls  in  fe- 
mlna  ralde  dlrergentibus.  Antennae  l-ml  parts  feminae  perlongse  et  tenues,  longltudl- 
nem totius  anlmalis  longe  superantes,  anlmall  natanti  rectae  et  aliquautum  postlce  rer- 
gentes ;  artlculus  antepenultimus  antennae  dextne  maris  hamulo  longlor,  artlculo  ultimo 
rami  dlmidium  longltudlnem  aequante.  Pedum  6-ti  parts  feminae  artlculus  ultlmus  di- 
stinctus,  quadratus  aouleis  duobus  aplcalibus  quorum  interior  aplcem  fere  unguis  artl- 
cull penaltimi  attlngit  instructus ;  appendix  interna  artlculo  3>tio  brevior ;  unguis  ter- 
minalis  pedis  dextrt  maris  aplcem  versus  valde  curvatus.  Haccus  oviferus  semper  ova 
cuntinet  pauclssima  et  magna  regulartterque  distrtbuta.   Animal  pleurumque  pellud- 
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dum  colore  albido,  InterdHm  yero  faeia  transversa  lata  coloris  fasci  saturati  in  medio 
cepbalotborace  ornatnm.   Longlt.  feminas  pamm  sapra  i  mm." 

The  two  forms  following  are  sufiScienfcly  distinct  fro  n  the  above 
and  form  a  closer  link  with  the  marine  Calanidse.  It  is  doubtful  if 
any  absolute  line  of  demarkation  exists  between  these  varieties, 
although  they  are  here  distinguished. 


Sp.  9.    Diaptomus  pallidas,  Herrick. 
( Plate  Q.    Fig.  17.) 

Length  1.20  mm.;  length  of  antennae  1.35  mm.  Colorless.  Head 
separated  by  a  suture  into  two  parts;  form  very  slender.  Antennae 
with  elongated  setae,  which  are  very  plumose.  The  right  male  an- 
tenna has  no  hook.  The  inner  rami  of  the  fifth  feet  are  one-jointed 
in  both  sexes.  Left  foot  of  the  fifth  pair  of  the  male  of  peculiar 
form  (see  plate  Q,  fig.  17,  for  an  extreme  instance).  Entire  Missis- 
sippi valley. 

var.  sicilis,  Forbes. 

(Plate  Q.    Fifir.  18.) 

Like  the  above,  but  larger.  Length  1.45  mm.  Length  of  an- 
tennae 1.5  mm.  Inner  ramus  of  male  feet  of  fifth  pair  two-jointed, 
those  of  the  female  one-jointed.  The  form  of  feet  varies  a  little 
from  the  above.  This  species  has  been  but  once  encountered  in 
Minnesota,  the  previous  species  occurring  abundantly  in  our  larger 
lakes. 

D.  kentuckyensls.  Chambers,  Is  referable  to  one  of  tbe  above  species,  probably  D. 
longlcornis. 

For  a  full  account  of  synonymy  see  Rehberg,  Beitrag  z.  Kenn.d.frefW).  Suesswasscr 
Copepoden,  p.  552. 

VI.— Genus  LiMN00ALA.2njs,  Sars. 

Gephalothorax  6-jointedi  slender;  abdomen  in  the  female  3- 
jointed,  in  the  male  5-jointed.  Antennae  shorter  than  the  body, 
25-jointed.  Caudal  stylets  long.  Feet  of  the  four  anterior  pairs 
with  both  rami  3-jointed;  external  ramus  of  the  fifth  foot  in  the 
female  3-jointed,  second  joint  produced  into  a  spine  ;  inner  rami 
3-jointed  in  both  sexes  and  like  those  of  the  previous  pairs;  external 
rami  2-jointed  in  the  male,  the  right  and  left  dissimilar. 
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Sp.  1.    Llnmocalanus  macrurus,  Sais. 

A  species  similar  to  L.  macrurus  has  been  found  in  lake  Michigan, 
and  probably  occurs  also  in  this  state  in  lake  Superior.  We  can 
do  no  better  than  quote  Sars^  description. 

"Corpas  graoile  et  ansustatum.  Cephalothorax  supra  visus  elODicato  ovatas,  latita- 
dtne  maxima  in  medio  slta  antice  et  postice  seqaallter  atteauatus.  Caput  annulum 
uDicum  praebens,  a  latere  Ttsum  parte  antlea  altlore  et  coavexa  slnu  dlstlnoto  a  poster- 
lore  disjuncta,  marglne  autlco  oblique  descendente.  Segmeotum  ultlmum  thoracis  par- 
Tum  neque  ad  latera  extans  in  femina  et  mare  simile.  Abdomen  sub-oylindrlcum  thor- 
aee  longius.  Rami  caudales  valde  elongati  et  angustati  tertium  longltudlnls  abdominis 
partem  superantes,  supra  «»t  ad  latera  spluuUs  yel  pills  brevlDus  obsitl,  Intus  ciliati. 
setis  5  majoribus  unlarticulatls  et  clllatls,  quarum  2-da  ab  Interlore  numerata  omnium 
longtsslma  ceteraeque  extus  graduatlm  longltundlne  decrescentes,  exteriore  ceteris 
minore  absque  apice  sat  remota ;  seta  adest  prseterea  alia  Intus  adflxa  ut  in  generibus 
antecedentibus  tenuissima  et  simplex.  Frons  a  latere  visa  obtuse  acuminata  appendlc- 
ibus  tentaeullformlbus  dnabus  perbrevibus  instructa.  Antennae  t-mi  paris  reflexsB  seg- 
mentum  penultlmum  abdominis  mlnlme  attlngentes,  artlculo  ultimo  setis  5,  quarum 
posteriores  2  longissimae,  instructo,  articulls  antecedentibus  3  setae  simill  postice  ver- 
gente  praedltis ;  dextra  marls  articulatlone  inter  artlculum  l8-mum  etl9-mum  genlculans. 
Antennarum  2-di  paris  ramus  exterior  interlore  et  longior  et  latior,  7-articulatus,  artl- 
culo 2-do  omnium  maximo,  sequentlbus  4  minimis  Junctis  artlculo  ultimo  brevioribus 
setlsque  longtsslmts  instructis.  Mandlbulae  ad  extremitatem  Inferiorem  in  dentes  ex- 
euntes  9,  quorum  exteriores  2  ceteris  majores,  Interiores  2  tenues  et  setlferes  sunt ;  pal- 
pus longus  et  angustatus  3-artlculatus,  articulls  ultimis  2  brevissimis,  ramo  exteriore, 
Tel  appendice  brancblale,  paryo.  MaxiUoB  l-mi  paria  eadem  fere  structura  ac  in  Diap- 
tomo.  Maxillae  2-dl  paris  valldissimae  S-articulatae.  articulls  ultimis  5  in  ungues  exeun- 
tlbus  longlssimos  et  fortlssimos  marglne  altero  sparsim  pilosos,  ad  aploem  faloatum 
vero  nudos  vel  aculels  persubtile  et  dense  obsltos ;  a-tli  paris  [MaxlUipedes]  valde  elon- 
gatse  et  angustatae  antice  vergentes  articulls  7  setis  pleurumque  longls  praedltis  compo- 
sitae.  Pedes  omnes  biramosi  natatorli.  ultimo  pari  in  mare  bi-articuiatus  in  pede  dex- 
tre  et  sioistro  dlssimlUs,  artlculo  ultimo  in  lUo  brevi  etrobusto  ad  aplcem  quaisl  trun- 
cato  dentlbusque  3  parvls  et  obtusis  armato  intus  vero  in  aculeum  magnum  et  valldum 
excurrente,  In  boc  valde  elongato  extus  et  ad  aplcem  aculeato  Intus  rero  nudo.  Oeulus 
unicus  proplus  marginem  inferiorem  capitis  situs.  Animal  quamquam  pellucidlsslmus 
et  fere  omuino  hyallnum,  facile  tamen  accumulatione  In  thorace  sat  magna  Uquorls 
oleosl  laere  fu!vo-rublde  coloratl  se  prodlt.   Longlt.  clrcit.  2H  mm." 

FAMILY  CYCLOPID^. 

Contains  five  genera,  viz:  Thorellia^  Cyclops^  Oithona^  Lopho- 
phorus  and  Cyclopina;  passing,  by  the  genersL  Misophria  and  Pseu- 
dO'Cyclaps,  into  the  CalanidcB  or  marine  copepods.  The  affinities  of 
these  little  known  genera  need  furtlier  study,  as  they  are  very  in- 
teresting, the  question  being  still  open  in  how  far  the  cyclopoid 
forms  are  altered  by  adaptation  to  saline  habitat,  if  such  an  adapta- 
tion takes  place  at  all. 

Cephalothorax  ovate  and  usually  much  more  robust  than  the 
abdomen;  anterior  aatennsd  seldom  longer  than  the  cephalothorax, 
those  of  the  male  alike  on  both  sides  and  modified  for  the  purpose 
of  clasping;  posterior  antennae  unbranched  (i.  e.  palpus  wanting); 
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palps  of  mandibles  and  maxillae  usually  well-developed;  foot-jaws 
mostly  less  developed  than  in  Calanidce;  first  four  pairs  of  feet  as 
in  CalanidcBy  fifth  pair  rudimentary,  alike  in  both  sexes,  and  usually 
one-  or  two-jointed;  ovisacs  two. 

The  circulatory  system  of  this  family  is  partly  lacunal  and  has 
been  thought  to  be  entirely  so  in  the  genus  Cyclops,  closer  obser- 
vation, however,  shows  that  there  is  something  like  an  imperfect 
central  organ  at  the  point  occupied  by  the  heart  of  higher  Cope- 
pods.  This  was  figured  in  my  previous  report,  plate  V,  fig.  1,  but 
no  mention  was  made  of  the  discovery.  It  has  since  been  verified. 
The  apparatus  referred  to  is  a  modification  of  that  described  under 
Canthocamptus.  In  the  second  thoracic  segment  there  is  a  set  of 
swaying  membranes  which  constitute  a  valvular  apparatus,  chiefly 
moved  by  the  action  of  the  stomach. 

Genus  Cyclops. 

The  sole  representative  of  the  fi:eneraof  theCyclopidee  here  treated 
is  the  best  known  of  the  Copepoda.  Every  one  is  familiar  with  the 
"  common  cyclops,"  but  few  realize  how  many  are  the  species  in- 
cluded under  this  name.  *  An  attempt  is  here  made  to  enable  the 
student  to  recognize  the  more  obvious  distinctions  upon  which  the 
genus  is  subdivided  and  to  identify  such  of  the  species  as  seem  valid 
and  at  the  same  time  recognizable  without  recondite  study  of  devel- 
opment. Without  attempting  a  complete  elucidation  of  the  syn- 
onymy, which  is  practically  an  impossibility,  a  proximate  classifica- 
tion of  all  the  species  known  to  me  is  attenipted.  Thirty  suffici- 
ently well  marked  species  are  enumerated,  and  the  position  of  a 
number  more  is  indicated. 

Antennae  18-Jointed. 

8p.  1.    Cyclops  elongatns,  Glaus. 

This  species,  cited  hitherto,  apparently,  by  but  one  other  author 
than  Claus,  is  distinguished  from  the  C.  pulchellus  group  by  the 
18-jointed  antennas,  which  are  hardly  longer  than  the  first  thoracic 
segment.  The  caudal  stylets  are  longer  than  the  two  preceeding  ab- 
dominal segments,  and  bear  rather  short  setae.  C  elongatus  has 
been  found  by  Cragin  near  Cambridge.  That  this  species,  found 
thus  far  by  but  a  single  author  in  Europe,  appears  in  America,  may 
serve  as  a  warning  not  to  decide  too  hastily  from  its  habitat  that  a 
copepod  is  new. 
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Antennae  17- jointed. 

I.— Fifth  Foot  1-joikted. 
Sp.  2.    Cyclops  ater,  Herrick. 

(Plate  Q».    Figs.  9— 12.) 

This  is  our  most  striking  species  and  loves  the  clearer  flowing 
waters.  The  thorax  is  broadly  oval  and,  usually,  of  a  deep  color. 
AntennaB  as  long  as  the  cephalothorax  (1.2  mm.)i  slender,  and 

tapering  toward  the  end ;  formula  *-r--  —  ..^-^ww^:::^^ • 

last  three  joints  rather  short,  the  last  joint  furnished  with  an 
nnserrated  knife-like  ridge  as  in  C.  tenuicornis;  mazillipedes 
rather  large;  fifth  foot  one-jointed,  armed  with  three  subequal 
spines;  abdomen  rather  short,  last  segment  especially  short; 
stylets  of  moderate  length ;  setsB  rather  short,  internal  seta  much 
longer  than  the  outer,  lateral  seta  near  the  end  of  the  stylet; 
eggs  pale.  Color  deep  blue  or  gray.  Length  2.1  mm.  The  young 
can  be  recognized  without  a  glass  by  the  band  of  deep  color  which 
crosses  the  thorax  in  the  middle. 

Collected  near  Minneapolis,  in  ^^  Mud  lake'^  and  Bassett^s  creek* 
This  species  has  been  collected  in  different  parts  of  the  Mississippi 
valley  from  Alabama  to  Minnesota,  but  is  nowhere  very  abundant^ 
being  but  rather  more  so  southwardly, 

n. — Fifth  Foot  2-jointed. 
A. — First  joint  of  fifth  foot  very  broad, 

Sp.  3.    Cyclops  viriclls,  Jurine.    (Rehberg.) 

(var.  a.) 
C.  vulgaris,  koch,  ftschrb,  sabs. 
C.  brevicomi»,  clat3S,  lubu<x:k,  hellbb,  fbic.  hoek. 

C.  ViridU,  CBAGIN. 

(▼ar.  b.) 
C.  gigas,  claus,  sabs,  fbic,  bb^cdy. 
C*.  ingens,  hebbick. 

The  American  form  is  usually  somewhat  different  from  the  C. 
gigas,  but  the  stage  prior  to  maturity  is  like  that  figured  by  Brady. 
Observations  made  over  a  considerable  territory  and  for  a  period  of 
several  years  led  me  to  the  conclusion  expressed  by  Rehberg  (Ab- 

1  The  accent  marks  are  used  to  signify  that  Joints  represented  by  them  (counting 
from  base)  are  either  long  — ,  short  w  or  medium  ^, 

10 
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handl.  naturwiss.  Yereine  zu  Bremen.  Bd.  vii,  1.  Hefb«  p.  62) 
thafc  C.  gigas  is  but  a  greatly  enlarged  form  of  C.  brevicornis.  See 
also  American  Naturalist,  May,  1883,  p.  499,  where  I  have  expressed 
a  similar  opinion  regarding  the  American  form. 

A  part  of  the  original  description  of  C.  ingens  is  here  given. 

Thorax  large;  abdomen  rather  slender;  stylets  slender,  with  the 
lateral  seta  well  towards  the  end;  second  and  third  setae  alone  long, 
weakly  pectinate;  last  joint  but  one  of  abdomen  sometimes  toothed 
along  the  distal,  under  margin;  jaws  with  large  teeth;  antennaB  very 
short,  not  reaching  to  the  base  of  the  first  cephalothoracic  segment; 
formula  -::^>-'  -r-  —  ^--'^--'-'-'-'-rr;  fifth  foot  two-jointed,  the 
proximal  joint  very  broad  with  a  strong  spine;  second  joint  cylindri- 
cal with  a  long  seta  and  a  very  short  spine  near  the  end;  oper- 
culum vulvas  somewhat  heart-shaped;  egg-sacs  oval-elongated, 
reaching  beyond  the  end  of  abdomen;  length  4  mm.,  including 
stylets  and  setae. 

8p.  4,    Cyclops  leuckartll,  Glaus. 

t  C.  er€U9U8^  FI8CHKB. 

Is  said  to  be  elongated  and  slender;  the  antennae  are  nearly  as 
long  as  the  first  three  segments.  The  fifth  foot  is  like  the  smaller 
forms  of  the  above,  but  the  second  joint  has  only  one  spine.  The 
proportions  of  the  caudal  setae  are  very  much  as  in  the  above. 

Rehberg  denies  that  Sars^  identification  of  this  species  so  briefly 
described  by  Glaus  is  correct;  his  description  is  therefore  copied. 
Sars  refers  also  with  a  query  to  G.  obsoletus,  Koch. 

**Oephalotliorax  ovatiu  antice  sat  attenuatiis,  fronte  leviter  tninoataf  se^mento  nlCl- 
mo  panro  Tlxque  ad  latera  exstante .  Begmentam  abdomlnale.  l-mum  sub-oylindricum 
antiee  quam  postice  panim  latlas.  Rami  eaudaUsbrevisculi  loDgttudlnem  segmentonim 
aDteoedentlum  duorum  oon  atttngentes  setts  aplealibus  sat  longls,  externa  fares 
longltudinem  sequante  dimtdiamque  iDternl,  lotermedlanim  Interiore  altera  aliquanto 
longiore  longltudtneiii  abdominis  fere  aequante ;  seta  marglnis  exterloris  ab  aplce  sat 
temota.  Antennae  1-ml  parts  i7-artlculatse,  longae  et  aplcem  versus  attenuatie, 
reflexn  segmentom  4-tum  corporis  fere  attlngentes ,  2-dl  pans  quam  In  speclebus 
ceteris  longlores.  Ii(laxillarum2-di  parts  margo  posticus  subtllisstme  crennlatus.  Pedes 
5-ti  parts  bl-artlculatl,  arttcnio  ultimo  blsetoso.  B^ml  pedum  natatorlorum  omnes  3-ar- 
tlculatl ;  articulus  rami  exterloris  lutos  setls  3,  extus  aculels  3  Instructus.  Lamina  par- 
tes basales  pedum  i-tl  parts  conjugens  utrlnque  In  processum  acuminatum  exit.  Rami 
interlorls  articulus  ultlmns  InsoUte  modo  In  longltudinem  extensus  In  pedibus  4-tl  parts 
aculels  apicallbns  2  subsequallbus  armatus.  Bacclovlfert  rotunda  to-ovatl  ab  abdomine 
sat  exstantes .    Longlt.  pamm  supra  l  mm .  *' 

Sp.  5.    Cyclops  lacostris,  Sars. 
Cephalothorax  sub-ovate,  truncate  in  front.    Abdomen  nearly 
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ot  equal  width;  caudal  stylets  longer  thaa  the  last  two  seg- 
ments of  the  abdomen  terminal;  setse  of  moderate  size,  inner 
three  times  as  long  as  outer,  internal  pair  nearly  equal.  Antennae 
as  long  as  first  two  segments.  The  inner  ramus  of  fourth  foot  has 
the  exterior  thorn  very  small.  The  second  joint  of  the  fifth  foot  is 
small  and  the  external  thorn  very  small.  '  Length  1.5  mm. 
Not  seen  in  America. 

B. — First  joint  of  fifth  foot  of  moderate  size. 

(a)  Terminal  segment  of  fifth  foot  with  one  long  seta  and  a 
short  thorn. 

These  small  species  pass  into  the  above  group  and  constitute  one 
of  the  most  difiicult  groups  of  the  genus.  The  distinctions  offered 
are  very  small  and  specific  variation  considerable. 

Sp.  6.    Cyclops  strenmis,  Fischer. 

7  C.  pictua,  KOCH. 

C.  brevieaudatm,  claus,  lubbock,  heller,  fkic. 

€L  Btrenvm,  sabs,  bbadt. 

Antennae  reaching  about  to  the  end  of  the  third  segment;  caudal 
stylets  slender,  three  times  as  long  as  the  last  segment;  the  outer  of 
the  caudal  setae  shortest.  The  third  seta  is  over  once  and  one  half 
the  length  of  the  stylet. 

Sp.  7.    Cyclops  luddulus,  Koch. 

C.  luHduliU  8ABS. 
C.  furdftTt  CLAUS. 

C.  VemoliM,  FI8CHBB. 

This  species  is  given  on  the  authority  of  Rehberg.  Glaus  con- 
sidered G.  furcifer  a  large  variety  of  the  above  species. 

The  antennae  are  as  long  as  the  first  segment;  the  fifth  foot  is 
peculiar  in  form,  with  the  Recond  joint  armed  with  a  spine  and  a 
hook;  length  1.3  mm. 

Neither  this  nor  the  previous  species  is  known  in  America.* 

Sp.  8.    Cyclops  robustus,  San. 

Antennae  shorter  than  first  segment,  thick.  Body  depressed, 
first  segment  broad  and  rounded  anteriorly,  the  others  spreading; 
caudal  stylets  nearly  parallel,  long;  inner  median  seta  much  the 

*C.  paiohelliis,  Brady  1b  not  C.  pQiebelliu,  Koob,  and  may  be  the  above  speelea. 

m 
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longer,  external  setsB  very  short.  Terminal  joint  of  outer  rami 
with  three  spines  externally  and  four  setae  internally.  Length  1.& 
mm.  I  know  nothing  of  this  species  save  the  description  of  Sars^ 
a  part  of  which  is  quoted  above. 

Sp.  9.    Cyclops  parous,  Henick. 

(Plate  R.    Fig.  22.) 
Cyclops  parcw,  hsrrick,  Crustacea  of  Minnesota,  p.  229 ;  Plate  VI.,  Figs.  12—16. 

In  form  and  general  appearance  greatly  resembling  Cyclops 
thomasi>  which  it  nearly  equals  in  size.  The  chief  differences  are 
found  in  the  length  of  the  caudal  stylets  and  antennae  and  in  the 
form  of  the  fifth  foot.  The  antennae  are  shorter  than,  or  about  as 
long  as,  the  first  thoracic  segment.  The  formula  expressing  the 
length  of  the  joints  corresponds  with  that  for  C.  thomasi.  The 
antennules  are  shortish.  The  labrum  is  rather  narrow,  projecting 
below  into  obtuse  angles,  the  middle  of  the  lower  face  being  occu- 
pied with  nine  rather  small  teeth.  The  terminal  joint  of  the  larger 
branch  of  the  maxilliped  bears  four  hairs.  The  second  joint  has  a 
moderately  large  dactyl,  the  movable  finger  of  which  is  small  and 
sparsely  spiny,  the  immovable  finger  is  ornamented  by  an  oblique 
series  of  blunt  prominences  and  a  small  seta  at  its  base.  The  first 
pair  of  feet  has  two  terminal  and  two  interior  setaB  and  two  exter- 
nal spines  on  the  ultimate  joint  of  the  outer  ramus,  while  the  cor- 
responding joint  of  the  inner  ramus  bears  one  inner  seta  and  large 
spine  and  three  outer  setas.  The  fourth  foot  has,  in  the  first  case, 
two  ou^r  spines,  a  terminal  spine  and  seta  and  three  internal  setae, 
and,  in  the  second,  one  external  seta,  two  subequal  terminal  spines 
and  two  internal  setae.  The  fifth  foot  is  two-jointed,  bearing  on 
the  short  basal  joint  a  moderate  seta  and  on  the  larger  second  joint 
a  considerable  seta  and  a  small  oval  spine  on  its  side.  The  caudal 
stylets  are  short  and  the  lateral  seta  is  near  the.  end  (about  1-5). 
The  outer  seta  is  but  three-fourths  the  length  of  the  inner.  The 
inner  of  the  median  setae  is  considerably  longer  than  the  outer. 
The  shape  of  the  operculum  of  the  female  is  very  characteristic,  it 
being  nearly  oval.  The  last  two  joints  of  the  thorax  are  acute. 
The  entire  length  is  about  1.5  mm. 

Sp.  10.    Cyclops  brevispinosus.  (Sp.  n.) 

(Plate  S.    Figs.  7— 11.) 
The  form  for  which  this  name  is  proposed  takes  the  place  of  the 
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above  in  the  larger  lakes.  It  appears  to  be  but  a  modified  condi- 
tion of  the  above  species,  from  which  it  differs  in  its  slender  form 
and  especially  in  the  very  slender  caudal  stylets.  The  outer  caudal 
seta  is  reduced  to  a  short  ciliate  thorn.  The  fourth  foot  is  also 
modified  by  the  great  enlargement  of  the  spines  and  the  reduction 
of  the  setae.  The  number  of  the  setas  is  the  same,  but  they  are 
differently  disposed.  The  form  of  the  operculum  vulvae  is  also 
slightly  different. 

(?)   Sp.  11.    Cyclops  uniangulatus, Grasin. 

Cyclops  uniangvlatus,  Cbagin.    A  Contribution  to  the  History  of  Fresh-water  Cope- 
poda,  p.  6. 

Cragin  was  not  conversant  with  the  description  of  G.  parcus,  with 
which  his  description  agrees  save  in  one  point.  Tt  differs  from  C. 
parcus  in  having  three  inner  setae  on  the  terminal  joint  of  the  outer 
ramus  of  J;he  first  foot.  It  would  be  officious  to  suggest  a  possible 
oversight  here,  but  C.  parcus  has  only  two  in  type  specimens 
{though  in  all  this  group  the  corresponding  ramus  of  the  second 
foot  has  three  setae),  so  that  at  present  the  two  mast  be  kept  dis- 
tinct. 

Sp.  12.    Cyclops  scutlfer,  Sars. 

Not  having  identified  this  and  the  following  species  it  will  be 
hest  to  quote  the  descriptions. 

C.  strenno  afflnls.  Gephalotboraz  sat  elonsratus,  segmentis  ultimts  duobiis  in  femina 
ad  latere  yalde  promiDentlbus  Inque  proeessos  exeuntibus  lamioares  et  hyalinos  utrin- 
^ue  Inter  s«  contlguos,  quare  thoraeis  pars  posterior  tamquam  clypeo  fornlcato  quad- 
ranKOlari  obtecta  esse  videtur.  Segmeutum  i-mum  abdominals  ad  basin  valde  dilata- 
tam  latltudlne  qnam  ad  marginem  posteriorem  duplo  majore.  Rami  caudales  segmen- 
tesanteoedentibusdnobusjonctls  parom  longtores,  introrsum  clliati,  setis  apicalibos 
t)revIaMmls,  intermediarum  Interiore  ceteris  multo  longiore.  Antennae  i-mi  paris  17- 
aittculatse,  reflex»  segmentum  2-dum  corporis  superantes  setls  plurumqae  longls  obsi- 
t^.  Pedum  struetura  eidem  in  0.  strenuo  sirailis.  Artionlus  scilicet  nltimus  rami  exter- 
ioris  pedum  natatoriorum  setis  6  instructus  in  paribus  anterioribus  dnobus  3,  insequen- 
tibus  duobns  2  modo  aculeis  marginis  exterioriis  armatus;  aouleorum  apieallum 
rami  Interlores  pedum  4-ti  paris  exterior  brevis  et  rudimentarls.  Pedum  6-ti  paris  arti- 
•cuius  nltimus  sat  magnns  articulo  basal!  parum  minor  extrorsnm  sparsim  pilosus  in- 
trorsum acoleo  armatus  ciliato  setaque  longa  termlnali.  Sacci  oTlferi  panri  globosi 
4ibdomen  magna  ex  parte  obtegentes.    Longit.  circlt.  l}^  mm. 


Sp.  13.    Cyclops  abyssorum,  Sars. 

G.  strenuo  et  scutifero  sat  afflnls.  Cephalothorax  ovatus  antice  obtuse  truneatus,  seg- 
mentis parum  ad  latera  extantibus.  Rami  caudales  longi  et  tenues  satisque  dlvergen- 
4es,  longttudinem  segmentorumantecedentium  3  superantes,  setis  aplcalibuslongioribns 
Intermediarum  interiore  duplam  longitudlnem  furcao  superante.  exteriore  quam  ilia 
parum  breviore.  Antennae  l-mi  paris  iT-articulatas  longse  et  fere  rectae  distinete  posticl 
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▼eigentes,  reflezae  segmeutum  s-tlum  corporis  fere  attiogentes.  Pednm  natatorlomm 
stmctora  fere  eadem  ae  in  tpeclebos  anteeedenttbtis :  aealeorumaplcalium  rami  Interi- 
oris  pedum  4-ti  paris  exterior  dimldlam  fere  iDterioris  attingens  loogitudlne.  Fedom 
6-ti  paris  articulns  basalts  miulmus  ultimo  multo  bre?lor  pammqae  latior.  Baoci  ovi- 
feri  medlocres  rotandato-ovales  abdomlnique  appressi.   Longit.  cirelt.  2  mm. 

( b)    Terminal  segment  of  fifth  foot  with  two  rather  long  setae.. 
*    External  and  internal  caudal  setae  not  extremely  short. 

Sp.  14.    Cyclops  oithonoides,  Sats. 

(Plate  S.    FigB.  2-6.) 

f  C.  hyaUntu,  rkhbxrg. 
f  C.  tenuUHmus,  hbrsick. 

This  most  interesting  species  occurs  under  peculiar  circumstances. 
It  is  perhaps  the  rarest  member  of  the  genus  and  seems,  beyond  a 
doubt,  nocturnal  in  its  habits.  It  was  first  found  by  Sars  in  saline 
water  and  named,  on  account  of  its  slender  form,  from  the  marine 
Oithona.  A  similar  species  which,  though  about  half  as  large,  is 
hardly  distinct,  was  found  by  Rehberg  near  Bremen.  Rehberg  men- 
tions particularly  that  it  was  found  oftener  at  night  than  during 
the  day.  In  America  a  similar  species  was  described  from  near 
Paducah,  Ey.,  under  the  name  G.  tenuissimus;  but  the  possibility  of 
identity  with  the  Scandinavian  species  seemed  excluded  by  the 
habitat.  A  gathering  taken  at  night  from  one  of  the  lakes  near 
Minneapolis  contained  a  few  specimens  of  similar  characters,  and 
there  no  longer  seems  to  be  a  doubt  of  the  identity  or  very  close 
relation  between  these  forms. 

The  antennsB  are  longer  than  described  for  G.  tenuissimus,  nearly 
equalling  the  thorax.  The  last  joint  of  the  antennsB  is  short,  but 
the  toothed  character  was  not  noted.  The  fifth  feet  are  small,  the 
spines  are  very  long  and  slender.  The  margins  of  the  abdominal 
segments  are  irregularly  toothed.  The  species  will  be  confused 
with  no  other.  It  is  marked  with  blue  in  spots.  Length  0.  5—1. 
mm. 

Sp.  15.    Cyclops  simplex,  Poggenpol. 

Cyclops  Leeuweiihoekii,  hokk  (iide  Rehberg). 

This  species  is  of  more  compact  form  than  the  last,  which  it  re- 
sembles in  the  form  of  the  caudal  stylets  and  the  fifth  foot.  The 
antennas  are  nearly  as  long  as  the  thorax,  the  last  two  joints  being 
elongate  and  having  a  knife-like  ridge  which  has  at  the  end  teeth 
like  those  figured  in  G.  tenuissimus.    Length  1. — 2.  mm. 
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**  The  two  mediaa  seise  much  longer  than  the  external. 

The  species  of  this  section  are  the  most  perplexing  of  the  genus. 
The  best  that  I  can  now  do  is  to  indicate  the  relations  of  the  nom- 
inal species  and  express  the  conviction  that  most  are  of  Tarietal 
yalue  simply. 

Sp.  16.    Cyclops  pulchellus,  Koch. 

C  hietupidatutt  cuaus. 
t  Terminal  joint  of  outer  ramus  of  feet  with  two  spines  outwardly. 
16  a.    C  thomaH,  Forbes. 
16  b.    C  fiavust  Herrick. 
tf  With  three  spines. 
16  0.    C.  bwetottM,  Rehbergr. 
^  C.  bicutpidatvs,  Sars. 
"  (?)  a  inaeetus,  Forbes. 

There  are  at  least  three  well  marked  varieties  in  America,  which 
may  probably  rank  as  species  and  have  been  ranked  as  such  by 
Forbes,    I  give  verbatim  Forbes'  description. 

(16a)  Cyclops  thomasi,  Forbes. 

(Plate  U.  Figs.  4,  5,  7  and  8.) 

^'Elongate,  slender,  broadest  in  front  and  tapering  backward, 
antennae  17-jointed,  reaching  the  middle  of  the  third  segment. 

The  first  abdominal  segment  in  the  female  is  broad  in  front  and 
slightly  emarginate  on  each  side  before  the  anterior  angles,  and  the 
last  segment  has  a  terminal  circlet  of  small  spines.  The  rami  of 
the  furca  are  more  than  half  as  long  as  the  abdomen,  and  each  bears 
two  short  rows  of  transverse  spinules  outside,  one  at  the  anterior 
the  other  at  the  posterior  third.  With  the  latter  a  spine  occurs 
about  as  long  as  the  outer  terminal  seta.  The  inner  seta  at  the  tip 
of  the  ramus  is  about  half  the  length  of  the  furca,  the  outer  still 
shorter.  The  inner  median  seta  is  as  long  as  the  abdomen  and 
furca,  and  the  outer  about  half  as  long. 

In  the  outer  ramus  of  the  first  pair  of  legs  the  terminal  joint 
has  one  spine  and  two  setae  at  the  tip,  one  spine  on  the  outer  mar- 
gin and  two  setae  within. 

In  the  second,  third  and  fourth  pairs  the  last  joint  has  one  spine 
and  one  seta  at  tip,  two  spines  externally  and  two  setae  within. 
The  inner  rami  of  the  second  and  third  pairs  terminate  in  one  spine 
and  one  seta,  that  of  the  fourth  pair  in  two  spines,  the  inner  of 
which  is  only  half  as  long  as  the  other. 

The  legs  of  the  fifth  pair  are  two-jointed,  with  the  basal  joint 
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quadrate,  broad,  and  bearing  one  long  spine.  The  second  joint  is 
narrow  and  longer,  parallel  and  truncate,  with  one  terminal  spine 
about  equal  to  the  preceding,  and  one  about  half  that  length. 

From  C  bicuspidatus.  Clans,  this  species  may  be  distinguished 
by  the  armature  of  the  outer  ramus  of  the  first  pair  of  legs,  and 
from  C.  bisetosus^  Rehberg,  by  the  armature  of  the  outer  rami  of 
the  other  legs. 

It  shares  with  Diaptomus  sicilia  the  responsibility  of  affording 
to  the  young  white-fish  their  earliest  food." 

(16  c)  Cyclops  insectus,  Forbes. 

(Plate  U.    Fig.  9.)  * 

"Closely  allied  to  the  preceding,  but  more  robust  in  all  its  parts, 
and  with  the  second  cephalothoracic  segment  widest.  The  abdo- 
minal segments  are  all  bordered  with  spinules  posteriorly.  The 
two  median  caudal  setae  are  much  more  nearly  equal  than  in  tho^ 
masi^  the  outer  and  the  inner  are  very  short,  but  longer  than  in 
that  species.  Theinner  in  our  specimens  is  longer  than  the  outer 
— the  reverse  being  the  case  in  bicuspidatus  as  described  by  Glaus. 

^'The  legs  are  armed  nearly  as  in  thamasi^  but  the  last  joint  of 
the  outer  ramus  of  the  first  pair  has  two  spines  externally  besides 
the  one  at  the  tip,  and  the  terminal  spines  on  the  last  segment  of 
the  inner  ramus  of  the  fourth  pair  of  legs  are  about  equal.^' 

Both  forms  probably  occur  in  Minnesota,  though  the  second  has 
been  seen  but  once,  and  the  identification  lacks  confirmation.  The 
differences  between  the  two  are  almost  exactly  those  prevailing 
between  C.  bicuspidatus  (»»  pulchellus)  and  G.  bisetosus,  Reh.,  if 
I  correctly  understand  Sars.  Claus^  description  does  not  agree 
with  that  of  Sars.  Further  study  of  the  European  types  will  be 
necessary  before  a  satisfactory  settlement  can  be  reached. 

(16  b)  Cyclops  navus,  Herrick. 

Cyclops  navua^  herrick,  Copepodaol  Minnesota,  p.  279. 

This  name,  proposed  at  nearly  the  same  time  as  C.  thomasi,  ap- 
plies to  a  very  closely  related  form  which  I  can  but  regard  as  a 
variety  of  that  species.  It  seems  constant  in  its  differential  char* 
racters  in  given  localities,  but  we  are  now  familiar  enough  with 
the  fact  that  changed  conditions  in  the  water  occasion  changes  in 
forms  in  the  copepods. 

This  form  inhabits  shallow  pools.    It  is  larger  than  G.  thomasi. 
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h9S  mach  shorter  stylets  and  differently  proportioned  antennae,  etc. 

Length  1.5  ram.  Thorax  0.9  min.;  abdomen  0.6  mm.;  stylets 
0.14  mm.;  last  two  abdominal  segments  0.16  mm.;  antennae  0.7  mm.; 
first  segment  of  body  0.5  mm.  The  basal  segment  of  the  antennae 
is  long  and  ornamented  with  several  transverse  series  of  spines,  the 
last  two  segments  are  equal  and  longer  than  the  preceding.  The 
armature  of  the  first  and  fourth  feet  is  identical  with  G.  thomasi,  as  is 
the  form  of  the  female  openings  and  the  fifth  feet.  The  form  of 
the  first  feet,  caudal  stylets  and  other  details  were  correctly  figured 
on  plate  V  of  the  Cyclopidae  of  Minnesota. 

Specimens  of  Cyclops  pulchellus  (thomasi)  were  obtained  from  a 
•cisteri^  which  is  supplied  solely  by  rain-water.  The  eggs  must  have 
been  introduced  in  ice  which  had  been  placed  in  the  cistern  at  least 
■a  year  previously.  The  cistern  is  entirely  dark,  so  that  these  ani- 
mals must  have  been  deprived  of  light  for  many  generations.  The 
general  color  was  of  course  very  white;  the  eye  spots  were  pale,  but 
(present  with  some  pigment  and  the  lenses.  No  noticeable  altera- 
*tion  in  form  had  resulted. 

(c)  Terminal  segment  of  fifth  foot  with  three  setae. 

Sp.  17.    Cyclops  ten uicornis,  Claus. 

(Plate  R.    Fig.  16.) 
*var,  a.   Knlle-Iike  ridge  upon  the  antennae  smootb. 

(. .  albidUS,  JURINR, 

C.  quadricomis,  var.  &,  baird. 

C.  Unukomia,  sars  .lubbock,  hellsr,  fbtc,  uljanik,  hokk,  bbady,  hbrrigk. 
C.  elauidi,  pooornpol. 
C.  annvUcornia,  bars. 
'Var.  b.    Knife-like  ridge  of  antennse  toothed. 
O.  olteaieornU,  trmplrtok. 
C.  eignatus,  koch,  sars,  uljanin,  bradt. 
C.  coronatus,  claus,  lubbock,  hxli.kr,  frig.  hosk. 
C.  aiffnatus^  var»  fasciacomis,  cragin. 

Cyclops  tenuicornis,  as  thus  comprehended,  is  widely  distributed 
-and  variable.  European  specimens  m  our  collection  have  longer 
stylets,  but  seem  otherwise  identical.  The  nearest  relation  is  C. 
-ater^  which  is  easily  distinguished  by  the  compact  oval  form  of  the 
thorax  and  the  one-jointed  fifth  foot.  In  the  stage  previous  to 
maturity  the  ^'signatus^'  form  has  no  teeth  upon  the  ridge  of  the 
last  segment  of  the  antennae;  it  is  then  similar  to  the  G.  tenuicornis. 

Cephalothorax  broad;  abdomen  rather  slender;  antennae  reaching 
about  to  base  of  thorax,  attenuated  at  the  end;  terminal  joint  with 

a  knife-like  ridge;  formula —-'>-'-::::>---'>->- -'^>-^ ;  fifth 

€oot  composed  of  a  long  basal  joint  bearing  a  long  spine  and  a  ter- 
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minal  three-spined  diyision;  caadal  stylets  twice  as  long  as  last  ab- 
dominal segment;  seta^  all  nearly  terminal,  inner  one  long.  Length 
2.5  mm. 

Common  in  America,  England,  continental  Earope,  etc.  C.  clau- 
sii,  Poggenpol>  is  known  to  me  only  from  the  citations  of  Behberg 
and  the  translation  given  by  Cragin,  hence  I  can  not  judge  authori- 
tati^rely  of  its  validity.  Certain  points  in  the  translation  are  obvi- 
ously erroneous,  as  where  the  larger  branch  of  the  fifth  foot  is  spokei^ 
of.  No  distinctions  sufficiently  clear  to  enable  us  to  separate  it 
from  C.  tenuicornis  can  be  gathered. 

III. — Fifth  Foot  3-jointed. 
(See  Cyclops  modestus.) 

Antennse  16- jointed. 

There  are  a  few  forms  which,  although  they  might  more  properljr 
be  ranked  with  the  previous  section,  seem  rarely  or  never  to  acquire- 
more  than  sixteen  joints. 

Sp.  18.    Cyclops  languidus,  Sars. 

Thorax  attenuated  posteriorly,  caudal  stylets  exceeding  in  leugtbr 
the  two  preceding  segments,  internal  seta  short,  half  as  long  as  the 
outer,  the  inner  of  the  median  setse  as  long  as  the  abdomen.  Both 
rami  of  the  first  foot  and  the  mner  of  the  second  are  two  jointed. 
Second  joint  of  the  fifth  feet  sub-linear,  armed  with  a  seta  and  a 
spine.  The  fact  that  some  of  the  feet  have  two-jointed  rami  sug- 
gests a  young  stage  of  some  other  forms. 

This  species  has  not  been  seen  in  America. 

Sp.  19.    Cyclops  uiodestiiSy  Henick. 

(Plate  R.    Figs.  1—5.) 

American  Naturalist,  1883,  p.  600  (May). 

This  small  species,  1.0  mm.  long,  was  first  recognized  in  Cullman* 
county,  Alabama,  but  occurs  also  in  our  lakes.  The  color  varies,  but 
very  characteristic  is  the  peculiar  shining  or  glaucous  surface  of  the 
strongly  arched  thoracic  shield  and  the  evenly  curved  segments  of 
the  abdomen.  The  antennae  reach  but  little  beyond  the  very  long 
first  segment;  they  are  usually  16-jointed,  but  I  have  notes  of  a 
similar  form  in  which  the  antennae  are  17- join  ted.    The  feet  are- 


Digitized  by  VjOOQIC 


STATE  GEOLOGIST.  156 

all  3-jointed  and  are  peculiar  in  their  armature.  The  fifth  foot  is 
obscurely  3-jointed,  the  second  joint  bearing  a  short  spine  and  the 
terminal  joint  two  spines  of  varying  length.  The  stylets  are  once 
and  a  half  as  long  as  the  last  segment  and  are  peculiarly  excavated 
for  more  than  the  lower  third,  from  the  point  where  the  lateral 
spine  is  situated.  The  outer  terminal  seta  is  short,  the  others  being 
sub-equal  and  also  short.  The  opening  of  the  spermatheca  is  elong- 
ated, oval.  The  antenna  of  the  male  is  divisible  into  five  regions, 
the  third  being  formed  by  the  thickening  and  coalescing  of  four  or 
more  segments. 

Antennae  14-jointed. 

Sp.  I^0«  -  Cyclops  insiffnis,  Claus. 

The  two  forms  here  belonging  might  be  considered  atavic  varie- 
ties of  Cyclops  pulchell  us.  Brady^s  figures  and  description  of  his 
C.  insignis  (=  C.  lubbockii)  agree  almost  exactly  with  what  Reh- 
berg  says  of  Cyclops  helgolandicus  (Abh.  v.  naturw.  Vereine  zu 
Bremen,  vii.  1.  pp.  62 — 64).  Rehberg  regards  that  species  as  an 
atavic  sub-species  or  variety  of  C.  pulchellus.  With  C,  insignis, 
Claus,  the  case  seems  to  be  different.  The  occurrence  of  this  species 
is  not  conditioned  by  marine  influence.'  I  found  it  abundant  about 
Leipzig,  Saxony.  The  differences  between  it  and  the  C.  insignis  of 
Brady  are,  as  the  latter  says,  very  slight.  Figs.  11 — 14  of  plate  T 
are  drawn  from  Leipzig  specimens,  from  osmic  acid  preparations. 
The  first  foot,  outer  ramus,  has  three  external  spines  on  the  distal 
segment,  two  setaB  at  the  end,  and  three  within;  the  inner  ramus 
has  one  internal  seta,  a  spine  and  a  seta  terminally,  and  three  ex- 
ternal setsB  on  the  distal  segment.  The  outer  terminal  segment  of 
the  fourth  foot  is  like  the  first;  the  inner  one  has  only  two  external 
setffi.  The  external  setae  of  the  caudal  stylets  exceed  half  the  length 
of  the  stylet  and  are  pectinate.  The  fifth  foot  has  a  short  basal 
joint  armed  with  a  single  seta,  the  second  joint  being  slender  and 
armed  with  two  unequal  setae.  The  gathering  above  mentioned, 
taken  near  Leipzig,  Dec,  1881,  contained  scarcely  a  female  among 
scores  of  males  in  various  stages  of  development.  This  is  so  con* 
trary  to  what  is  expected  that,  notwithstanding  the  apparently 
good  characters  on  which  the  species  is  founded,  an  uncertainly 
exists  in  the  mind  of  the  writer  as  to  the  permanent  adult  charac- 
ters of  this  species. 
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Antennae  12-Jointed. 

I. — Fifth  Foot  2-jointed. 

A. — Terminal  segment  of  fifth  foot  with  a  seta  and  a  small  spine. 

Sp.  21.    Cyclops  capillatus,  Sara. 

"Cephalothorax  sub-ovate;  anteriorly  uniformly  rounded;  seg- 
ments projecting];  somewhat  laterally,  the  last  being  scarcely  wider 
than  the  first  abdominal  segment.  Abdomen  attenuated  posteriorly; 
caudal  rami  almost  as  long  as  the  last  three  abdominal  segments, 
hardly  divergent,  the  external  and  internal  apical  setaB  short  and 
nearly  equal;  the  interior  of  the  median  SetaB  as  long  as  the  abdo- 
men; lateral  seta  about  in  the  middle  of  the  stylet.  Antennae  of 
the  first  pair  robust,  slightly  exceeding  the  first  segment  of  the 
body  when  reflexed,  v/ith  the  twelve  joints  densely  covered  with  long 
and  divergent  hairs.  The  last  joint  of  the  outer  rami  of  swimming 
feet  are  elongated  and  armed  externally  with  three  spines,  internally 
with  four  setae;  the  interior  apical  spine  of  the  interior  rami  of  the 
fourth  pair  of  feet  longer  than  the  exterior.  Feet  of  the  fifth  pair 
large,  with  a  large  and  thick  basal  segment  and  a  small  oval  second 
Joint  bearing  one  long  seta  and  a  short  spine.  Ova-sacs  small,  nar- 
row and  divergent.    Eye  very  small.    Length /learly  2  mm.^^ 

Very  close  to  C.  viridis  in  many  points.  Found  only  in  Scan- 
-dinavia. 

Sp.  22.    Cyclops  crassicaudis,  Sara. 

Gephalothorax  elongate-ovate;  segments  produced  laterally,  espe- 
cially the  last,  which  extends  into  a  somewhat  procurved  process. 
Abdomen  short  and  thick,  first  segment  somewhat  excavated;  caudal 
rami  equalling  the  IsL^t  two  segments  of  the  abdomen.  External 
•apical  seta  longer  than  the  internal,  both  short;  median  setae  long. 
Antennae  of  the  first  pair  12-jointed,  scarcely  longer  than  the  first 
segment.  Swimming  feet  short  and  thick,  spines  and  setae  short; 
the  interior  apical  spine  of  the  last  joint  of  the  inner  ramus  of  the 
fourth  foot  almost  twice  as  long  as  the  exterior  spine.  Terminal 
joint  of  the  fifth  foot  small,  armed  with  a  spine  and  a  seta;  seta  of 
the  basal  segment  short.  Ova-sacs  oval,  somewhat  divergent. 
Length  0.75  mm. 

Found  only  in  Scandinavia. 
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n.— Fifth  Foot  1-joikted. 
Sp.  23.    Cyclops  vaiicanSy  Sara. 

^^Gephalothoraz  ovate,  attenuated  about  equally  in  front  and  be»< 
hind,  with  the  last  segment  wider  than  the  abdominal  segments, 
produced  laterally  and  bearing  a  long  seta.  Abdomen  elongate; 
caudal  rami  scarcely  as  long  as  last  two  segments;  the  internal 
apical  seta  twice  as  long  as  the  outer;  median  pair  elongated,  the 
internal  one  as  long  as  the  abdomen.  Antennad  12-jointed,  robust, 
shorter  than  the  first  thoracic  segment.  ^  «  Both  rami  of  swimming 
feet  two-jointed,  ^i^  41  Feet  of  fifth  pair  rudimentary,  with  a  single 
linear  segment  bearing  a  long  spine.  Ova-sacs  long,  divergent.. 
Length  1  mm.^^ 

Very  possibly  the  young  of  some  species  not  now  identifiable. 
Only  mentioned  by  Sars.    (Compare  C.  diaphanus  below.) 

Sp.  24.    Cyclops  serrulatus»  Fischer. 

(Plate  0.    Figs.  17— 19.) 

t  Cyclops  agUis,  koch  (fide  Rehberg). 

Cyclops  semUatus,  lilljkboro,  claus,  bars,  lubbock,  ukllrel,  fbic,  hoek,  braoy. 

Cyclops  longieomis,  viatNn'. 

Cyclops  peciinifer^  cbaqix. 

Although  Rehberg  positively  asserts  that  Eoch^s  name  applies  to 
the  present  species,  none  of  the  numerous  authors  who  have  men- 
tioned this  most  widely  distributed  form  have  employed  any  other 
than  the  familiar  designation,  and  the  practical  advantage  to  be 
derived  from  its  use  seems  to  outweigh  a  quibble  of  doubtful 
synonymy. 

Gephalothorax  oval,  compact;  abdomen  slender  and  short,  sud- 
denly enlarged  previous  to  its  union  with  the  thorax;  antennae 
slender,  reaching  nearly,  but  not  quite  to  the  last  thoracic  segment; 
the  last  three  joints  are  attenuated  and  furnish  the  most  evident 

character  of  the  species;  formula  ^^>^-^^^_^-^ ;  during 

life  the  antennae  tend  to  assume  the  form  of  a  rude  Z,  the  proximal 
four  joints  forming  the  base;  antennules  small,  reaching  about  to 
the  sixth  joint- of  antennae;  jaws  small  with  large  teeth;  the  single 
segment  of  the  fifth  foot  with  three  equal  spines;  egg-sacs  oval,  as 
long  as  the  abdomen;  eggs  few,  dark;  caudal  stylets  very  long  and 
slender,  spined  along  the  outer  margin;  lateral  setae  small  and  ap- 
proximated to  the  upper  one;  outer  terminal  seta  short,  spine-like, 
in  life  set  nearly  at  right  angles  to  the  others,  spined  or  beaded  on 
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one  margin  and  bristled  on  the  other;  the  next  seta  is  as  long  as 
the  abdomen,  being  somewhat  exceeded  by  the  following  one;  inner 
seta  as  long  as  the  outer,  but  feeble;  upper  seta  nearly  as  long,  ap- 
proximated; length  less  than  1  mm. 

A  well  marked  variety  of  the  above  occurs  in  America,  which 
might  rank  as  a  species,  were  it  not  probable  that  it  is  simply  a 
post-imago  form  occurring  only  under  favoring  circumstances.  This 
variety  has  no  connection  with  Brady's  van  montanus. 

Cyclops  serrulatuSy  var.  elegans.  (Yar.  d.) 

Distinguished  from  the  type  by  the  greater  size,  and  the  elonga- 
tion of  antennsB  and  caudal  stylets.  We  v^ill  first  of  all  give  the 
measurements  which  afford  a  criterion  for  judging  of  the  form  and 
proportions. 

Total  length  1.34  mm.;  thorax  0.76  mm.;  abdomen  0.40  mm.; 
stylets  0.18  mm.;  greatest  width  0.42  mm.;  inner  median  caudal 
seta  0.60  mm.;  outer  median  seta  0.36  mm.;  inner  seta  0.08  mm. 
The  first  segment  of  the  thorax  is  long  proportionally  (0.40  mm.) 
The  antennae  are  very  long,  reaching  to  the  base  of  the  third  seg- 
ment (.68  mm.).  The  egg-sacs  are  elongate-oval,  being  more  slender 
even  than  in  typical  C.  serrulatus;  in  the  animal  measured  they 
were  0.50  mm.  long,  by  0.19  mm.  wide.  The  caudal  stylets  are 
slightly  shorter  than  the  last  two  segments  of  the  abdomen.  The 
antennules  are  very  short,  and  each  joint  has  its  series  of  fine  teeth. 
The  free  lower  margins  of  the  thorax  are  ornamented  with  series 
of  prominences,  while  the  last  segment  is  extended  into  a  blunt 
angle  bearing  long  teeth.  The  last  segment  of  the  abdomen  is 
spiny- margined  and  is  ornamented  with  a  double  row  of  spines  at 
the  anus.  The  armature  of  the  stylets  as  well  as  that  of  the  feet  is 
identical  with  that  in  typical  G.  serrulatus.  The  last  two  joints  of 
the  antennae  measure  0.1  mm.  each,  while  the  two  previous  measure 
unitedly  0.12  mm.  The  color  is  not  opaque  as  in  the  smaller  form 
usually.  Brady's  var.  montanus  has  shorter  stylets  than  the  type, 
but  seems  nearest  the  small  dark  form  found  in  peaty  waters  in 
America.  Cyclops  pectinifer,  Cragin,  has  no  distinctive  points,  it 
being  typical  G.  serrulatus. 

Sp.  ft5.    Cyclops  macrarusy  Sara. 

Cyclops  tnocntnis,  bbadt. 
Closely  allied  with  C.  serrulatus.    Cephalothorax  ovate,  rounded 
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^anteriorly;  last  segment  fringed  at  the  angles  with  numerous  fine 
hairs.  Antennse  much  shorter  than  in  G.  serrulatus,  about  as  long 
•as  the  first  thoracic  segment,  otherwise  similar.  Abdomen  attenu- 
ated, penultimate  segment  margined  posteriorly  with  spine-like 
^etse,  the  other  segments  pectinated.  Caudal  stylets  very  long  and 
slender^  about  equal  in  length  to  the  three  segments  preceding, 
bearing  a  group  of  four  to  five  spines  on  the  outside  near  the  end, 
otherwise  unarmed.    Length  1.3  mm. 

Here  is  the  natural  place  for  C.  spinulosus,  of  Glaus,  but  there  is 
strong  reason  to  suspect  the  validity  of  the  species  so  very  imper- 
fectly characterized. 

Sp.  JS6.    Cyclops  fluvlatilis,  Herrick. 

(Plate  Q*.    Figs.  1—9.) 
•Cyclops  magnoetavus,  cbaoin. 

This  small  species  with  twelve-jointed  antennae  and  conspicuous 
coloration  is  widely  distributed  through  the  Mississippi  valley.  The 
original  description  is  appended. 

^'Body  elongated;  thorax  very  long;  abdomen  slender;  stylets 
about  as  long  or  longer  than  last  abdominal  segment;  setae  all  very 
«hort,  not  [always]  pectinate;  lateral  and  dorsal  setae  very  small; 
outer  one  spine-like,  short  and  stout;  two  median  setae  short;  inner 
one  very  small  and  inconspicuous;  antennae  reaching  nearly  to  the 

base  of  abdomen  [or  beyond];  formula --^-^ ;  the 

three  joints  following  the  six  basal  are  much  elongated,  while  the 
terminal  ones  are  but  moderately  so,  a  character  which  is  peculiar 
to  this  species;  terminal  segment  slightly  but  evidently  hinged  and, 
together  with  pair  preceding,  somewhat  curved;  feet  with  the  ter- 
minal spines  strongly  toothed;  fifth  foot  very  small,  one-jointed, 
4)earing  three  small  setae;  operculum  vulvae  heart-shaped;  egg-sacs 
«ub-quadrangular;  eggs  large;  abdomen  in  the  young  much 
elongated.    Golor  deep  indigo.    Length  0.7  mm." 

The  first  foot  has  upon  the  last  joint  of  outer  ramus  three  ex« 
ternal  spines,  two  apical  setae  and  three  internal  setae;  the  outer 
4)ranch  of  fourth  foot  has  three  external  spines,  apically  aspine  and 
seta  and  internally  four  setae. 

Males  of  this  species  are  slender,  measuring  al^ut  0.75  mm.;  the 
abdomen  being  0.28  mm.,  stylets  0.6  mm.,  first  thoracic  segment 
0.28  mm.,  and  the  longest  caudal  seta  0.24  mm.  The  antennae  are 
long  and  much  modified  so  as  to  resemble  superficially  the  antennae 
of  Diaptomus. 
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Antennae  11-jointed. 
Sp.  27.    Cyclops  diaphanus,  Fischer. 

(PJate  R.    Fig.  12.) 

t  Cyclops  Ificolor,  8ab8. 

f  Cyclops  minutuSt  Claus,  IIblleb. 

If  not  the  youug  of  other  species,  this  is  a  widely  distributed^ 
form,  being  known  from  Russia,  Norway,  continental  Europe, 
Madeira,  and  America.  The  synonyms  above  given  are  upon  the 
authority  of  Rehberg. 

The  following  description  applies  to  our  American  form  found 
always  in  connection  with  C.  thomasi,  C.  parens,  or  C.  nayus. 

Very  small,  measuring  0.81  mm.,  setae  not  included.  The  thorax 
is  0.5  mm.,  the  abdomen  .31  mm.,  the  stylets  .06  mm.,  the  longest 
caudal  seta  0.4  mm.,  outer  median  seta  .36  mm.,  the  first  thoracic 
segment  0.3  mm.,  and  the  egg-sacs  sometimes  0.4  mm.  The  thorax 
is  oval,  the  first  segment  being  quite  large,  as  in  larval  cyclops. 
The  antennae  rarely  reach  the  eiid  of  the  first  segment  and  are^ 
either  11-jointed  or  obscurely  12-jointed;  their  formula  is- 
—^-::i^::: — ^:::r:=:.    The  first  joint  is  very  large. 

The  second  antennae  are  of  rather  small  size;  the  maxillipeds  are- 
armed  as  in  G.  navus.  The  feet  have  usually  but  2-jointed  rami, 
but  in  large  individuals  some  of  the  rami  are  obscurely  3-jointed. 
The  first  foot  has  the  terminal  joint  of  the  outer  ramus  armed  with 
three  exterior  spiue34  two  terminal  setae  and  three  interior  setae; 
the  inner  branch  has  one  internal  spine,  a  terminal  spine  and  seta 
and  three  external  setae.  The  fourth  foot  has  the  terminal  joint  of 
the  outer  ramus  with  two  external  spines,  a  terminal  spine  and  seta 
and  four  internal  setae;  the  inner  ramus  has  one  internal  spine, 
two  unequal  spines  and  three  internal  setae.  There  is  also  a  series 
of  teeth  at  the  place  where  the  middle  joint  should  appear.  The 
fifth  foot  consists  of  a  broad,  basal  segment  nearly  fused  with  the 
abdomen  and  bearing  laterally  a  long  spine;  the  terminal  segmenb 
is  terete  and  small,  having  a  single  terminal  spine.  The  caudat 
stylets  are  but  little  longer  than  the  last  abdominal  segment,  which 
bears  teeth  below;  the  sides  are  parallel,  and  the  lateral  seta  is  i 
from  base.  The  median  setae  are  long  and  toward  the  end  show 
false  jointing.  The  inner  seta  is  longer  than  the  outer  which  is, 
however,  heavier.  Eggs  eight  to  twenty,  in  narrow  elongate  sacs^ 
Not  uncommon,  everywhere. 
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Sp.  28.    Cyclops  phaleratus,  Koch. 

(Plate  R.    Figs.  6— 10.) 

trta.  a.) 
C.  canthocarpoidM,  fischkr.  claus,  lubbock.  fric 

C.  phaUratUSt  KOCH,  sabs,  ULJANIK,  BRADY,  BBBBSBOb 

(var.  b.) 
O.  a^ni$,  SABS. 
C^pvffnumuf,  bbhbsbo. 

C.  adolescent,  hbbriok.(— C  perarmatm,  oraoib.) 
fC.  UWCtVttf,  pooobnpol. 

That  fche  two  varieties  here  united  are  very  closely  allied  must 
be  admitted;  that  they  are  merely  age  forms  is  possible.  Glaus  in 
figure  2  of  his  plate  II  (Freilebenden  Gopepoden)  figufes  some 
other  species  than  the  one  described  as  G.  cauthocarpoides,  as  can 
be  gathered  from  the  elongated  stylets  and  the  eight-jointed  an- 
tenns.  Our  Minnesota  specimens  combine  the  eleven-jointed  an* 
tennad  of  G.  affinis  with  the  short  stylets  and  peQuliar  form  of  the 
fifth  feet  of  the  first  mentioned.  Rarely  one  is  found  with  ten* 
jointed  antennad  and  at  the  same  time  sexually  mature.  The  char- 
acteristic oblique  lines  of  spines  at  the  base  of  the  stylets  may  be 
absent.  Rehberg^s  figures  of  G.  pygmssus  agree  very  well  with  our 
species,  but  he  has  decided  that  it  is  not  specifically  distinct  from 
G.  affinis. 

It  appears  to  me  undesirable  to  institute  a  new  sp'ecies  for  the 
American  form,  neither  is  it  possible  to  sufficiently  identify  it  with 
any  of  the  above. 

I  here  append  a  brief  description  of  Cyclops  adoUscens^  Herrick 
(saC.  perarmatus^  Gragin,)  for  comparison  with  the  description  of 
G.  affinis  as  transcribed  below.  Thorax  oval,  broad,  acute  anterior- 
ly; last  segment  large  and  separated  by  a  constriction  from  the 
anterior  ones.  The  head  is  beaked  below;  first  throacic  segment 
large  and  long  (.36  mm.):  last  thoracic  segment  wide,  united 
closely  with  the  first  abdominal  segment,  armed  with  series  of 
teeth.  Abdomen  short,  especially  the  last  segment,  which  is 
toothed  behind ;  stylets  very  short.  The  antennas  are  much 
shorter  than  the  first  segment,  eleven-jointed.  The  maxillipeds 
are  very  small.  AH  the  feet  are  armed  with  a  row  of  very  large 
teeth  or  lanceolate  spines  down  one  side;  fifth  foot  one-jointed,  with 
three  spines,  the  outer  being  smooth,  the  others  spiny;  egg-sacs 
variable,  narrow,  appressed;  eggs  large,  color  usually  dark.  The 
animal  moves  like  Ganthocamptus,  and  is  able  to  progress  out  of 
water  better  than  other  species.  The  following  measurements  will 
give  an  idea  of  the  proportions:  Length  1.26  mm.;  thorax,  0.76 
11 
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mm.;  abdomen,  0.44  mm.;  stylets,  .06  mm.;  lonfi^est  seta,  0.34  mm.; 
antennae,  0.28  mm.;  width  of  thorax,  0.44  mm, 

Cyclops  affiniSj  Sars. 

"AnteeedentI  [C.  phalerato]  slmillimas.  Corpus  autem  minus  robnstmn  colore  eo- 
ruleo  Tel  potlus  f  laaoo  sat  saturate  Inslgae .  Begmentnm  ultlmum  thoraelcum  ad  mar- 
ginem  posterlorem  extrosum  pills  Tel  spinalis  subtlllsslmls  peetenatlm  exomatnm. 
Baml  candales  quam  In  O.  pbalerata  altquanto  longlores,  setarum  apleallum  Interna 
quam  externa  multo  breylore.  Intermedlanim  Interlore  altera  fere  triple  longlore  long- 
Itudlnemque  abdominis  superante,  In  medio  aculeata  deln  yero  snbtUe  cUlata.  An- 
tennae 1 -ml  parts  segmentol -mo  oorporls  molto  ^revlores,  tennes,  artloulls  11  compo- 
sltse.  Pedes  5-tl  parts  dlstlnctl,  unlartleulatl,  setls  8,  quarum  Intertor  ceteris  multo 
major  et  clllata,  Instructl.  Baccl  oYlfert  panrl  abdomlnl  appressl.  Longlt.  elrdt.  U 
mm." 

Cyclops  omatus^  Poggenpol  (»»C.  clausii,  Heller,  fide  Rehberg,)  is 
almost  certainly,  in  our  judgment,  a  young  or  atavic  condition. 

C.  helleriy  Brady,  though  not  identical,  is  no  more  worthy  a  spe- 
cific name.  If  every  form  with  eleven-jointed  antennae  and  egg- 
sacs  be  worthy  a  distinct  name,  it  will  be  possible  to  duplicate  all 
the  seyenteen-jointed  forms.  Fortunately,  howeyer,  many  species 
agree  together  in  this  condition,  so  that  the  number  of  spurious 
species  derived  from  this  source  is  rather  small ;  among  these  is  to 
be  reckoned  C.  nanus^  Sars,  which  is  obviously  very  near  the  pul- 
chellus  group. 

Antennae  10-Jointed. 

No  valid  species  have  permanently  10-jointed  antennae.  G.  pha- 
leratus  is  frequently  found  with  10-jointed  antennae.  G.  kauf- 
manniis  without  much  doubt  an  immature  form. 

Antennae  8-Jointed. 

Sp.  20.    Cyclops  fimbriatus,  Fischer  (fide  Rehberg.) 

(Plate  R.    Fiar.  11.) 

<7.  crosslcomte,  barb,  bbadt,  hbrriok. 
C.  gredleri,  hbllbb. 
C,  pauper t  pric. 

C.  poppei,  RKHBSRO. 

it   C.  magnieeps^'UiAjJKBOBa,) 

Our  American  species  corresponds  to  that  described  by  Rehberg 
as  a  new  species.  The  differences  mentioned  in  the  previous  report 
(see  Gyclopidae  of  Minnesota,  p.  233)  are  just  those  which  have 
led  Rehberg  to  establish  the  G.  poppei,  which,  by  the  way,  was 
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found  with  the  type.      I  see  no  reason,  especially  in  view  of  the 
latter  fact,  to  regard  it  as  even  a  well  marked  variety. 

G.  crassicornis  is  widely  distributed  in  America  as  well  as  Europe, 
but  is  never  very  common.    The  color  is  always  reddish. 

Antennae  6-Jointed. 

Sp  30.    Cyclops  eequoreus,  Fischer. 

A  brackish-water  species,  .85  mm.  long,  which  in  a  number  of 
characters  departs  from  the  type  of  the  genus.  Those  who  have 
the  opportunity  to  search  the  brackish  pools  along  our  coast  would 
do  science  a  service  by  looking  for  this  interesting  species. 

NoTK.— Cyclops  navioularls,  Say,  Is  perha]»s  C.  ▼Irl4ls  of  this  report.  C.  setosns,  Hal- 
-deman,  (Pbila.  Acad.  Sci..  Vol.  VIII,  p.  331)  Is  referred  la  my  notes  to 0.  sermlatus,  I  do 
not  now  know  with  how  much  reason . 

The  reader  Ls  referred  also  to  Cyclops  latlstimut,  Poggenpol.  as  quoted  by  Gragln- 
whleh.  although  belonging  to  the  section  having  8«v»Dteen-]ointed  antenn»,  and  hay- 
ing feet  like  C.  tenulcomls,  is  said  to  haye  a  dlse-llke  body»  long-Jointed  antennnlet 
with  no  armature,  and  the  basal  joint  of  the  abdomen  very  long. 

Cyclops  omatua  Is  quoted  by  Cragtn,  but  we  are  left  In  doubt  as  to  the  number  of  seg- 
ments In  the  antennsB,  a  point  quite  essential  to  tk  e  definition  of  species. 

(See  cnder  G.  phaleratus.) 

Cyclopii  longieaudatua  and  C.  Ignew  are  thought  to  be  simply  prematurely  grayid 
young  of  known  species. 

(See  Cragin,  1.  c,  (pp.  12—13.) 

VyclopsfiMhert  of  the  same  author  agrees  with  C.  »:iuoreus  In  haying  stx-jolnted  an, 
tennis,  but  tn  nothing  else  apparently.  It  Is,  if  oornsctly  deecrlbed,  a  yery  remark- 
able form,  with  no  sets  on  the  antennse. 

FAMILY  HARPACTICID^. 

Numerically  the  largest  of  the  families  of  the  Gopepoda,  this 
group  contains  predominatingly  marine  and  mostly  minute  animals, 
frequently  of  strange  and  grotesque  form.  A  few  of  the  marine 
forms,  inhabiting  the  gulf  of  Mexico,  are  figured  in  the  report  of 
the  Minnesota  Academy  of  Sciences  for  1881.  Of  the  over  thirty 
genera  of  the  family  less  than  a  half  dozen  are  not  exclusively 
marine,  and  of  these  most  are  brackish- water  residents.  The  genus 
Bradya  contains  blind  copepods  living  in  slime. 

The  name  was  proposed  by  Dana,  but  was  dropped  in  the  final 
report.  Again  revived  by  Glaus,  it  is  now  in  use  by  the  best 
authors.  The  general  form  and  structure  closely  resembles  that  of 
the  Cyclopidse.  The  following  characters  are  the  more  important 
ones  in  distinguishing  the  family  from  the  other  families  of  the 
order: 
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Body  flattened  or  sab-cylindrical.  Abdomen  osually  not  much 
smaller  than  the  thorax,  from  which  it  is  not  separated  by  a  sudden 
constriction;  antennad  rather  short,  4-  to  10-jointed;  mandibles 
strongly  toothed,  palpate;  mazillsd  well  dcTeloped,  palpate;  first 
pair  of  maxilli pedes  with  strong  teeth  at  the  end,  second  pair  usually 
forming  a  claw.  The  first  pair  of  feet  are  often  turned  forward  or 
prehensile;  fifth  pair  one-  or  two-jointed,  serving  as  egg  supports 
in  the  female. 

Most  species  liye  among  sub-aquatic  vegetation. 


The  Sub-Family  CAxrrHOOAKPTiirjs, 

to  which  our  sole  genus  belongs,  is  further  distinguished  from  the 
other  sub-families  of  Harpacticidsd  by  the  fact  that  the  seconp 
maxilliped  has  a  prehensile  hook.  The  feet  of  first  pair  are  not 
clawed,  but  have  the  inner  branch  elongated,  and  the  palp  of  the 
mandible  is  one-branched. 


Genus  Gakthooamptus,  Westwood. 

These  little  animals  may  be  secured  in  considerable  numbers  by 
gathering  a  supply  of  water  from  among  weeds  in  shallow  ponds, 
and  permitting  the  debris  to  settle  in  a  spot  where  light  only 
touches  the  jar  from  one  side,  when  the  Canthocampti  congregate 
on  the  exposed  side. 

Ganthocamptus  is  an  elongated  animal,  with  the  body  divided 
rather  obscurely  into  two  portions,  of  which  the  first,  or  anterior 
portion,  is  largest.  This  part  of  the  body  has  five  segments,  each 
of  which  has  at  least  one  pair  of  appendages.  The  first,  consisting 
of  the  head  proper  with  one  of  the  somites  of  the  body  or  thorax, 
as  is  discovered  by  observing  that  a  pair  of  legs  is  attached  to  it,  is 
the  largest  segment  of  the  body. 

As  seen  from  above,  it  is  triangular  and  extends  in  front  into  a 
short,  stout  beak  or  snout,  like  the  rostrum  of  a  cray-fish.  Above 
the  beak,  in  the  center  of  the  forehead,  is  the  eye,  consisting  of 
pigment  and  two  lenses,  showing  that  we  really  have  to  do  with 
two  eyes  confluent  on  the  median  line.  This  is  the  simplest  form 
of  a  compound  eye.  The  same  method  of  compounding  the  eyes 
is  exhibited  in  a  more  complicated  manner  by  Daphnia  and  other 
Cladocera.  On  either  side  of  the  beak  springs  an  antenna  with  six 
to  nine  joints  of  unequal  size.    The  flrst  three  joints  are  profusely 
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covered  with  hairs.  The  fourth  joint  is  more  slender  than  the 
preceding,  and  terminates  in  a  process  below,  which  bears  besides  a 
long  hair  a  peculiar  blunt  bristle,  that  serves  some  unknown 
purpose — probably  being  sensory  in  function  like  the  similar  hairs 
on  the  antennsB  of  some  Gladocerae.  The  next  joint  is  shorter  than 
tbe  rest,  while  the  remaining  three  are  spmed  at  definite  points. 
The  antennae  of  the  male  are  curiously  altered,  or  geniculate^  on 
both  sides,  as  in  Cyclops.  The  three  basal  joints  are  shortened, 
while  more  or  fewer  of  the  following  ones  are  coalescent,  followed 
by  a  hinge  joint  and  two  elongated  segments. 

The  second  antennae  or  antennules  are  two-jointed,  and  the  basal 
joint  has  a  two-jointed  branch  or  palp;  the  terminal  joint  is  covered 
with  spines;  at  the  end  are  longer  and  curved  spines,  jointed  in  the 
middle. 

The  mandible  is  a  flattened  plate  with  digitate  teeth  at  the  end, 
on  one  side  of  which  springs  a  two-jointed  palp,  and  from  the  other 
a  blunt  process.  The  maxilla  is  somewhat  like  it,  but  has  rudiments 
of  other  elements. 

The  first  pair  of  feet  have  two  three-jointed  rami.  The  outer 
ramus  is  shorter  and  with  the  longer  branch  is  directed  forward. 
The  fourth  foot  has  the  inner  branch  two-jointed.  The  inner  branch 
of  the  third  foot  of  the  male  is  peculiarly  modified  to  form  a  pre- 
hensile organ,  as  it  is  this  foot  which  fastens  the  spermatophore  to 
ihe  female.    The  fifth  feet  are  composed  of  two  flat  plates. 

The  second  division  of  the  body,  the  abdomen,  consists  of  five 
segments,  of  which,  however,  the  first  two  are  united  in  the  female. 
The  last  segment  of  the  abdomen  bears  two  stylets,  which  are  some- 
times considered  as  together  constituting  an  additional  segment. 
Each  of  these  stylets  has,  with  several  small  spines,  two  elongated 
caudal  setae,  one  of  which  is  usually  as  long  or  lodger  than  the 
•entire  abdomen.  The  stylets  are  usually  considerably  longer  than 
wide,  but  the  proportions  vary  somewhat  in  different  species. 

Viscera,  The  body  cavity  is  traversed  by  the  alimentary  canal, 
which  is  a  straight  tube  with  no  lateral  caeca  or  blind  sacs,  as  in 
«ome  other  Copepoda.  The  canal  is  divided  into  four  more  or  less 
distinct  portions;  the  first  section  is  a  slender,  muscular  tube,  ex- 
tending from  the  mandibles  nearly  through  the  first  segment, 
•opening  into  the  stomach  proper,  which  is  a  muscular  and  gland- 
ular sac  or  tube,  filling  the  greater  part  of  the  thorax  ;  at  the  be- 
ginning of  the  abdomen,  the  sac  is  constricted  and  becomes  the  ia- 
testine  proper  ;  near  the  extremity  again  there  is  another  change 
and  the  intestine  loses  its  glandular  character,  and,  by  a  peculiar 
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adaptation  becomes  a  sort  of  force-pump,  which,  during  life,  is  con- 
stantly pumping  water  in  and  out,  serving  as  a  means  of  respira- 
tion. This  anal  respiration  is  quite  common  among  aquatic  ani- 
mals in  this  as  well  as  other  orders.  This  latter  bcction  of  the  canal 
is  the  rectum,  and  opens  beneath  a  toothed  anal  plate,  above  and 
between  the  stylets.  No  special  divarications  or  csBca  are  append- 
ed to  the  digestive  tract,  and  the  only  other  organ  which  is  at  all 
considered  to  belong  to  the  alimentary  system,  is  what  is  known  as^ 
the  ^'shell-gland,^^  present  in  most  Crustacea,  but  till  recently 
thought  to  be  absent  in  Canthocamptus.  It  is  a  coiled  tube  found 
in  the  lower  part  of  the  first  segment  of  the  thorax.  It  is  impos- 
sible to  find  this  organ  in  Canthocamptus,  in  every  case,  it  being 
very  obscure;  and  its  office  is  uncertain,  though  it  is  supposed,  per^ 
haps  with  little  reason,  to  be  hepatic  in  function. 

There  is  no  functional  heart  in  this  animal,  but  its  place  is  taken 
by  a  peculiar  apparatus,  hitherto  undescribed  ;  this  consists  of  a 
tube,  surrounding  the  posterior  portion  of  the  alimentary  canal. 
This  sac  around  a  sac  is  open  in  front,  and  serves  by  a  double 
mechanism  the  office  of  a  pulsating  heart,  though  in  a  very  imper- 
fect manner. 

There  are  no  true  haematic  or  lymph  corpuscles  in  this  animal ;. 
so  far,  at  least,  none  have  been  discovered.  The  place  of  these 
blood  corpuscles  is  taken  by  globules  of  yellowish  or  red  color  of 
the  most  diverse  size.  These  nutritive  globules,  or  fat  globules,  as 
they  have  been  called,  are  undoubtedly  reservoirs  of  nutriment  in  a 
shape  convenient  for  the  animal^s  use,  and  equally  certainly  are 
derived  from  the  contents  of  the  intestine.  In  those  Gopepoda 
which  have  a  functional  heart,  it  is  open  anteriorly  into  a  general 
body-cavity  in  the  same  way  as  in  this  animal.  That  a  portion  of 
the  vascular  system  should  surround  the  alimentary  canal,  is  no 
unexampled  thing,  for  in  Daphnia  a  large  sinus  embraces  a  por- 
tion of  the  canal.  The  same  provision  as  this  described  in  Cantho- 
camptus occurs  in  the  Cyclopidae.  The  nutritive  globules  are  often 
very  large,  and  are  frequently  extremely  abundant,  especially  in 
females  soon  to  become  gravid.  Three-hundredths  mm.  is  not  a 
large  measurement  for  the  diameter  of  such  drops. 

The  nervous  system  is  very  hard  to  trace,  consisting  of  a  large 
pear-shaped  ganglion  just  below  the  eye,  from  which  extend 
commissures  around  the  oesophagus,  connecting  them  with  the 
ventral  ganglia  lying  between  the  bases  of  the  feet.  The  senses 
are  not  apparently  well  developed,  for,  excepting  the  eyes,  we  can- 
not locate  with  certainty  the  organs  of  any  sense.    There  are,. 
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howerer,  two  spots  which  are  eyidently  devoted  to  special  sense: 
first,  the  processes  on  the  fourth  joint  of  the  antelinfiB,  which  may 
be  siraply  the  seats  of  tactile  sense,  or  may  have  nerves  suitable  for 
perceiving  chemical  stimuli;  second,  the  area  on  the  forehead  bord- 
ered by  a  raised  line  and  covered  with  little  pits,  each  with  a  small 
bristle.  The  character  of  this  organ  can  be  but  conjectured;  it  may 
be  homologized  with  the  frontal  nervous  organs  of  the  Gladocera. 

The  sexual  organs  are  quite  extensively  developed,  and  periodical- 
ly obscure  the  remaining  viscera.  In  the  male  the  simple  testis  is 
situated  in  the  second  segment,  and  the  single  vas  deferens  after 
numerous  windings  through  nearly  the  entire  length  of  the  body, 
opens  at  the  base  of  the  first  abdominal  segment  under  a  spined 
plate.  A  part  of  the  vas  deferens  is  of  a  glandular  character  and 
secretes  an  elongate  tube,  the  spermatophore^  which  serves  to  con- 
tain the  spermatozoids,  and  is  fastened  by  the  male  at  the  opening 
of  the  median  pore  of  the  female;  on  contact  with  the  water  this 
tube>  which  is  at  first  soft,  contracts  and  presses  the  contents  into 
the  opening  of  the  female  organs.  So  long  is  the  vas  deferens  that 
as  many  as  three  spermatophores  are  sometimes  seen  in  the  body 
at  once.  The  spermatozoids  are  very  small.  The  geniculated  male 
antennae  are  used  in  grasping  the  setae  on  the  tail  of  the  female, 
and  the  curiously  modified  inner  branch  of  the  third  foot  of  the 
male  may  assist  in  fastening  the  spermatophore  upon  her  body. 
The  ovary  occupies  the  same  position  as  the  testes,  and  the  two 
ducts  are  coiled  in  the  body  from  end  to  end,  opening  in  the  median 
pore  behind  the  fifth  pair  of  feet.  When  the  eggs  are  ready  to  be 
laid,  they  are  forced  out,  carrying  with  them  a  film  of  the  secretion 
of  the  lower,  glandular  portion  of  the  ducts,  which  is  of  a  collodion- 
like consistency,  and  which  forms  the  enclosing  sac.  The  young  be- 
come fully  developed  sexually  before  they  assume  their  final  form, 
and  it  is  not  unusual  to  find  ova-bearing  females  which  are  not  only 
much  smaller  than  the  parent,  but  with  considerable  differences 
in  the  various  organs. 

This  sort  of  heterogenesis  is  not  uncommon  among  lower  Crusta- 
cea, for  the  young  may  differ  much  from  the  mother  till  after  they 
have  themselves  produced  young. 

Four  species  have  been  recognized  in  America,  of  which  one  is 
certainly  identical  with  a  widely  distributed  European  form,  and  a 
second  is  probably  identical  with  an  English  species.  G.  palustris, 
Brady,  seems  to  depart  considerably  from  the  norm  of  the  genus 
and  may  prove  a  type  of  a  marine  genus.  No  true  Canthocamptus 
is  more  than  accidentally  marine. 
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The  ten  species  below  enumerated  are  all  that  have  fallen  ander 
the  anthor^s  notice,  though  others  may  have  been  mentioned. 


Ket  to  the  Genus  Canthooamptus, 

'  3-jointed.  i  ^  ™™'  ^°^^'  '^^'^^^  ^^'"^  of  5th  foot  small C  ^(MOfa.  Sa 

'  1  0.5  mm.  long::  basal  joint  of  &th  foot  long.  C.  brevipe»,  Sam 

f  /Ant^nnfR  thick C  onumu,  San. 

Inner  ramus  of  J     ;^„tenn»     (  C.  tHspinotu,.     »    Brady. 


r 


2-jointed.o 


San. 


3-joint«i.  <  2-jolnted.  (      slender,      j  c.  tMrthumhrieus,  Brady.  ' 

Inner  ramus  of  j  Stylets  rather  long.  C  minutttt,  Mueller. 


I 


6*  I    inner  ramus  oi   \  otyieis  rainer  long.  v  mtn«utt«,  mueiier 

S-  I  1 2d  foot  3-Jointed. '  Styl.  short,  oval,  C.  iUinoisenaU,  Forbes 

(  Male  antenna  normal C.  hibemieut.  Brady. 

8-jointed.  •(  jj^,^  antenna  reduced,  hooked  at  the  end C.  t  palutlrit,  Brady. 


Canthocamptus  elegantulus,  C.  mareoticus  and  G.  horridus  are 
uncertain^  probably  referred  to  the  wrong  genus.  C.  stromii,  Baird 
( =  Dactylopus  stromii,)  C.  roatratus,  Glaus  (=  Stenhelia  ima.) 
G.  virescens,  G.  linearis,  and  G.  roseus  of  Dana,  are  marine  Harpao- 
ticidse  of  uncertain  afiSnities.  G.  minutus  of  Glaus  is  not  sufficiently 
described,  but  appears  to  be  the  earlier  condition  of  G.  minutus, 
Mueller  (G.  staphynalis,  Jurine). 


Sp.  1.    Canthocamptus  gracilis,  Sara, 

Is  elongated  linear,  with  the  abdominal  segments  smooth.  Gaudal 
stylets  long  and  slender;  external  caudal  seta  about  one-fourth  the 
inner.  All  the  feet  with  two-jointed  inuer  rami;  outer  branch  of 
fourth  foot  longer  than  the  others,  inflexed;  basal  process  of  fifth 
foot  slightly  expanded.    Length  1  mm. 

At  Decatur,  Alabama,  was  found  a  species  of  Ganthocamptus 
which  is  different  from  auy  American  species,  and  seems  in  many 
points  nearest  the  above  but,  unfortunately,  only  a  hasty  sketch 
could  be  made  at  the  time,  and  the  notes  are  insufficient  to  define 
it.  The  form  is  not  remarkably  slender;  the  first  and  second  ab- 
dominal segments  are  very  large.  The  caudal  stylets  are  slender 
and  elongated,  the  inner  seta  being  very  long  -and  curved,  whiU 
the  outer  is  quite  short.  The  anal  plate  is  covered  with  hairs  only. 
The  antennae  are  normal,  of  moderate  length,  and  the  fifth  foot  haa 
but  a  narrow  process  at  the  base. 


1  DistinfTuished  from  the  following  by  the  preeence  of  only  three  spines  oo  Ibe 
of  the  basal  Joint  of  the  fifth  foot. 
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If  this  form  be  worthy  a  distinctive  name,  it  may  be  called 

Sp.  2.    Canthocamptus  tenuicaudis.  (Sp.  n.) 
(Plate  0.    Figs.  15  and  16.) 

?  Sp.  3.    Canthocamptus  brevipes,  San. 

This  small  form  is  almost  cert'ainly  the  young  stage  of  some  other 
species;  yet  I  transcribe  the  description. 

"Corporis  forma  et  magBltadlDe  C.  pygmseo  Don  dlsslmllls.  Segmenta  abdominatla 
T6ro  postloe  magts  attenuata  seriebusque  aouleorom  destltata.  Baml  caadales elongatl 
■duplo  longiores  qvam  latiores,  setit  aplcalibus  brevlscuUs  paruinque  dlfergentibus,  ez- 
teriore  dimidlam  longltadinem  Interioris  non  attlngente.  Operoalum  anale  absque 
•dentlbus.  ADtennse  1-mi  parts  breves,  articulls  ultlmis  duobus  in  nnum  oonflaentlbus 
artlculnm.  Pedes  natatoril  brevlsslml,  ramo  exteriore  intus  setts  destitute,  Interlore 
biarticulato  in  pedibus  l-xni  parts  longltudlnemlexterterissequante,  in  sequentlbusmulto 
brevlore.  Pedum  6-ti  parts  artlculus  basalts  intus  in  processum  folilformem,  sat  mag- 
num et  angustatum,  artloulum  ulttmum  elongato-ovatum  altquanto  supernutem,  exit. 
Oolor  albldus .    Longtt.  par  urn  supra  H  mm . " 

Sp.  4.    Canthocamptus  crassus,  Sara. 

Robust;  segments  margined  with  pectinate  bristles.  Caudal 
«tylets  07al,  contorted,  constricted  at  the  base.  Antennse  thick, 
densely  covered  with  long  setae.  Fifth  feet  with  long  setse;  basal 
process  rather  small.  All  the  feet  excepting  the  first,  with  bi- 
•articulate  inner  rami.    Length  0.75  mm. 

Sp.  5.    Canthocamptus  trispinosus^  Brady. 

(Plate  0.    Pigs.  6— 14.) 
♦ 
This  species  with  the  last  and  next  has  all  the  feet  save  the  first 

with  bi-articulate  inner  rami.  Very  near  the  next,  from  which  it 
difiers  in  the  form  of  the  fifth  foot  of  the  female,  which  has  the 
basal  process  smaller »  bearing  only  three  spines,  while  the  next  has 
six,  the  second  joint  being  longer  and  narrow.  The  male  is  un- 
known.   Not  yet  identified  in  America. 

Sp.  6.    Canthocamptus  northumbricus,  Brady. 

Body  robust;  antennae  long  as  first  segment,  nine-jointed;  man- 
dibular palp  minute.  In  the  male  the  inner  branch  of  the  third  foot 
is  three-jointed  and  dactylate,  as  in  C.  minutus. 
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Oanthoeamptus  nortbumbiicus,  var.  americaniUL  (Var.  n.) 

(Plate  0.    Figs.  6— U,  20-22.) 

One  of  our  lopst  common  species  is  very  near  the  English  form, 
80  near,  in  £act,  that  I  dislike  to  remove  it  from  it.  A  few  points 
of  divergence,  however,  may  be  mentioned. 

The  form  and  proportions  are  much  like  those  of  G.  minutus. 
The  head  is  large  and  ends  in  a  prdminent  bent  beak.  The  anten- 
nae are  rather  long  and  slender  and  have  a  well  marked  fiagellum. 
(Brady  figures  no  fiagellum).  The  palp  of  the  antennule  is  as  in 
G.  minutus.  The  mandibular  palp  is  small.  The  fi.rst  pair  of  feet 
normal,  rather  small;  all  the  other  swimming  feet  with  two-jointed 
inner  rami,  save  in  the  case  of  the  male  third  foot.  The  fifth  feet 
are  exactly  as  figured  by  Brady,  save  that  there  is  a  prominence  or 
tooth  of  the  basal  segment  near  the  point  of  attachment  of  the 
terminal  joint  which  is  quite  long.  The  sensory  area  of  the  head 
is  oval  and  pointed.  The  male  antenna  has  a  long  fiagellum,  not, 
as  figured  by  Brady,  a  very  short  one.  The  egg-sac  is  very  large, 
oblong.  The  animal  seems  to  fall  short  of  the  size  of  the  English 
species,  though  measuring  upwards  of  0.65  mm.  Our  form  is  very 
well  distinguished  from  any  other  species.  It  is  found  in  lake 
Minnetonka,  lake  Galhoun,  and  elsewhere. 

Sp.  7.    Canthocamptus  minutus,  Mueller. 

MonoaduB  ataphylinus,  jubivb. 

Canthocamptus  minttttw,  LiixjjcBORa,  baibd,  bars,  uljanik,  bbady,  hkbbick. 

Canthocamptus  ataphyUnuSt  claus,  frio. 

CanthocampiuB  minuhis,  var,  occiderUalU,  hsrrigk. 

A  well  known  species  which  has  been  frequently  described  and 
seems  quite  circumpolar  in  its  distribution. 

First  mentioned  from  America  in  a  paper  by  the  writer  in  1S78. 
A  pretty  full  description  will  also  be  found  in  the  author's  Types 
of  Animal  Life.  A  very  abundant  species,  frequent  in  muddy  pools^ 
but  somewhat  variable  in  abundance.  It  may  frequently  be  found 
in  great  numbers  in  winter. 

Sp.  8.    Canthocamptus  illinoisensiSy  Forbes. 

( Plate  0.    Figs.  1—5.) 

This  robust  and  pretty  species  was  first  taken  near  Minneapolis^ 
by  Mr.  A.  W.  Jones,  a  student  of  the  University,  who  found  it  in 
a  peaty  ditch.    Forbes'  description  is  appended. 

^^Length  1  mm.    Head  and  first  segment  united;  five  abdominal 
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segments  in  male,  four  in  female.  The  suture  between  the  first 
and  second  segments  is  not  wholly  obliterated  above  in  the  female. 

Last  abdominal  segment  is  deeply  and  acutely  emarginate. 
Branches  of  f urea  as  wide  as  long,  inner  bristle  plumose,  a  little 
longer  than  abdomen;  outer  plumose  only  on  outer  side,  about  half 
the  length  of  the  inner.  The  second  to  fifth  abdofninal  segments 
have  each  a  row  of  spinules  along  ventral  portion  of  posterior, 

Male  with  anterior  antennce  composed  of  seven  joints^  the  fourth 
joint  very  short.  The  front  outer  angle  of  the  third  is  produced, 
the  blunt  process  bearing  three  long  bristles  surrounding  a  slender 
olfactory  club  which  is  as  long  as  the  three  following  joints.  The 
penultimate  joint  bears  a  strong  spine  or  slender  appressed  process 
at  the  middle  of  its  posterior  margin.  The  five  outer  joints  con- 
stitute the  grasping  organ.  The  posterior  antennce  bear  five  long 
bristles  at  tip,  three  of  which  are  made  prehensile  by  the  occurrence 
of  from  eight  to  twelve  short  articulations  in  the  middle  of  the 
hair,  allowing  it  to  be  bent  forward.  At  the  base  of  these  articula- 
tions on  the  outer  bristle,  are  two  short  spinules.  Two  nearly 
longitudinal  rows  of  five  or  six  strong,  short  spines  each  appear  on 
the  under  surface  of  the  outer  joint  of  the  antennule.  The  secon* 
dary  flagellum^  borne  as  usual  on  the  middle  of  the  basal  joint,  is 
not  articulated,  and  bears  four  long  bristles,  two  terminal  and  two> 
on  distal  half  of  inner  side.  The  outline  of  the  mandible  is  exactly 
like  that  figured  by  Glaus,  but  it  bears  about  ten  teeth,  the  upper 
thick  and  blunt,  the  inner  sharp,  slender  and  longer.  Several  are 
notched  at  tip.  The  lower  angle  bears  a  long  simple  bristle* 
Mandibular  palpus  two-jointed,  second  joint  with  three  long  ter- 
minal hairs  and  a  shorter  spine  attached  at  basal  third  of  anterior 
margin,  jointed  at  base  and  directed  towards  tip,  like  a  dactyl. 
The  maxilla  and  maxillary  palpus  are  scarcely  to  be  distinguished 
from  those  of  C  staphylinus. 

The  first  maxilUpeds  are  three-lobed,  the  outer  lobe  constituting 
a  long,  strong  claw.  The  second  and  third  are  about  one-third  as 
long  as  the  first,  and  bear  each  one  strong  simple  spine  and  one 
weak  branched  hair.  The  inner  lobe  is  widest,  about  two-thirds  as 
wide  as  long.  The  dactyl  of  the  posterior  maxilliped  is  spinous  on 
its  inner  edge,  and  the  same  edge  of  the  hand  is  ciliate  and  bears  a 
short,  stout,  sparinfifly  plumose  bristle  at  its  base,  just  beyond  the 
tip  of  the  closed  dactyl.  The  width  of  this  joint  (the  second)  is 
nearly  half  its  length. 

Basal  joint  of  inner  ramus  oi first  pair  of  legs  nearly  or  quite  aa 
long  as  outer  ramus,  the  second  wider  but  only  half  as  long  as  the 
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third,  and  obliquely  truncate.  Inner  ramus  of  third  pair  of  legs  in 
male  is  three-jointed,  [the  outer  two-jointed^]*  chelate.  The  finger 
is  07ate,  truncate,  terminating  in  two  long  plumose  hairs.  The 
dactyl  is  linear,  curved  at  base,  and  twice  as  long  as  finger.  The 
inner  ramus  of  the  fourth  pair  of  legs  is  about  lialf  as  long  aa 
outer,  two-jointed,  basal  joint  short,  terminal  joint  about  as  long 
as  middle  joint  of  outer  ramus.  The  fifth  pair  of  legs  is  best  de- 
veloped in  the  female.  In  the  male  the  length  is  not  over  one- 
third  the  width.  The  basal  portion  bears  three  plumose  hairs  on 
its  very  broadly  rounded  anterior  margin,  of  which  the  innermost 
is  longest.  The  outer  plate  is  nearly  orbicular  and  bears  five 
apines  on  its  terminal  margin,  of  which  the  second  from  the  inter- 
nal angle  is  the  longest.  Genital  plates,  found  in  male  at  posterior 
border  of  first  abdominal  segment,  beneath,  are  short,  slightly  ex- 
panded  internally,  with  internal  angles  rounded,  and  externally 
bear  three  sub-equal  bristles,  jointed  at  base,  the  inner  largest  and 
strongest  and  semi-plumose.  The  antenncB  of  the  female  are  eight- 
jointed,  extending  backward  to  the  first  free  segment.  The  basal 
joint  of  the  fifth  pair  of  legs  is  sub-elliptical  in  outline,  with  the 
basal  half  produced  externally  into  a  broad,  triangular  process 
which  bears  the  second  joint  on  its  posterior  margin.  The  free  end 
of  the  basal  joint  bears  six  large  plumose  bristles  of  which  the  in- 
ner is  longest.  The  greatest  width  of  the  joint  is  nearly  equal  to 
its  greatest  length.  The  second  or  outer  joint  is  ovate,  sub-trun- 
cate, spined  on  each  margin,  and  bears  four  plumose  bristles  at  tip 
and  one  at  the  middle  of  its  outer  margin.  Its  length  is  about 
twice  its  breadth." 

Sp.  0.    Canthocamptus  hibernicus,  Brady. 

A  small  species  differing  from  all  others  save  the  next  in  having 
a  three-jointed  inner  ramus  of  the  fourth  foot. 

^^Anterior  antennaB  of  the  female  slender,  8-jointed,  about  as 
long  as  the  first  body  segment,  and  mach  like  that  of  G.  minutus. 
Inner  branch  of  the  second  antenna  very  small,  1-jointed.  Poster- 
ior foot-jaw  having  a  broad  hand  armed  with  a  long  apical  claw. 
Inner  branch  of  the  first  pair  of  feet  scarcely  twice  as  long  as 
the  outer;  first  joint  longer  than  the  entire  outer  branch,  and  near- 
ly twice  as  long  as  the  united  second  and  third  joints,  both  (tf 
which  are  extremely  small.  Inner  branches  of  the  second,  third 
and  fourth  pairs  shorter  than  the  outer,  and  3-jointed,  the  first  joint 

*  EvldenUj  a  mtBprlnt,  for  It  1b  the  loner  ramus  wbloh  Is  chelate. 
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being  very  small.  Inner  segment  of  the  basal  joint  of  the  fifth 
pair  of  feet  in  the  female  elongated,  fringed,  bearing  two  long  and 
three  short  apical  setsB;  second  or  outer  joint  sub-ovate,  finely 
fringed  internally;  externally  bearing  six  long  marginal  setee.  In 
the  male  the  limb  is  smaller,  the  basal  joint  short,  broad  and  hav- 
ing six  short  setsd  of  equal  length;  second  joint  nearly  like  that 
of  the  female.  Caudal  segments  somewhat  longer  than  broad;  in- 
ner seta  about  twice  as  long  as  the  outer;  anal  operculum  denticu- 
late.   Length  .65  mm."    Not  found  in  America. 

Sp.  10.    Canthocamptus  palustris,  Brady. 

(Plate  K.    Fig.  5.) 

A  brackish-water  species  about  .9  mm.  long,  found  in  a  number 
of  places  in  the  British  Isles.  The  species  presents  several  anom- 
alies. 

The  antennas  of  the  female  are  8-jointed;  those  of  the  male  ro- 
bust, the  last  joint  forming  a  hook.  The  first  four  pairs  of  feet 
have  both  branches  3-jointed;  the  fifth  pair  in  the  female  are  2- 
Jointed,  with  a  short  and  broad  basal  joint,  the  second  joint  being 
sub-ovate,  bearing  five  long  apical  setae;  in  the  male  the  fifth  pair 
is  obsolete,  being  reduced  to  a  minute  setiferous  lobe.  Caudal  seg- 
ments shortj  bearing  two  principal  setae,  the  outer  half  as  long  a» 
the  inner. 

Sp.  11.    Canthocamptus  mlnnesotensis.  (Sp.  n.) 

(Plate  T.    Figs.  1—6.) 

Since  the  manuscript  of  this  genus  was  finished,  a  small  speciea 
has  been  found  which  seems  undoubtedly  distinct  from  any  of  the 
above.  A  single  pair  were  taken  in  a  gathering  from  BassettV 
creek  containing  C.  minutus  in  abundunce.  Unfortunately  the 
characters  of  the  swimming  feet  are  not  certainly  known,  but  they 
were  apparently  all  three  jointed  save  the  last.  The  antennae  are 
very  short  and  thick,  8- join  ted,  with  a  long  flagellum;  the  anten- 
nules  are  of  the  usual  form,  and  the  mouth  parts  rather  large.  The^ 
first  pair  of  feet  have  the  two  rami  of  nearly  equal  length.  The 
form  is  moderately  elongate.  The  caudal  stylets  are  very  shorty 
quadrate  in  outline  and  well  armed  with  spines.  The  fifth  foot  of 
the  female  has  four  long  and  two  short  spines  on  the  inner  lamina,, 
and  the  terminal  joint  has  five  unequal  spines.  In  the  male  the 
fifth  foot  has  two  spines  on  the  lamina  and  six  on  the  second  joint,. 


Digitized  by  VjOOQIC 


174  TWELFTH  ANNUAL  BSPOBT. 

one  being  a  small  bristle.     The  male  antenna  is  of  peculiar  form. 

The  teeth  of  the  anal  plate  are  large  and  emarginate  (see  fig.  4.) 

The  swimming  feet  are  all  armed  with  very  strong  spines,  aside 

from  the  usual  quota  of  spines  at  the  end  of  each  joint.     Length 

.65  mm. 

NOTB.— C./rontinolis,  Rehbeig.  This  aathor  leems  to  have  parted  with  his  nmial 
acumen  In  the  remarks  npon  this  speeies.  After  describtDg  a  Oanthooamptas  with  the 
inner  ramus  of  the  first  foot  "retchlich  doppelt  so  lang  wle  die  belden  Qmndglieder  dee 
Anssennasts/'  he  draws  a  moral  on  the  mutability  of  genera  from  the  fact  that  Brady 
founded  the  genus  Attheyella  "anf  grand  der  BlngUede  des  innenastes  am  flerten 
Fusspaare  und  einer  derartlgen  Blldung  des  ersten  Fusses,  wle  er  ble  0.  frontlnalls 
beschrelben  Ist"  Brady  says  (Bilt  Copepoda,  p.  66) :  "Inner  branch  of  first  pair  of  feet 
scarcely  at  all  elongated,  and  either  2-  or  8-]olnted,"  etc.  The  distinctive  characters 
being  the  l-  or  2-]olnted  2d  and  8d  feet  and  the  1 -Jointed  inner  ramus  of  the  fourth  fbot, 
it  is  doubtful  if  C.  frontlnalls  Is  really  new. 

iL    Genus  Atthbtella,  Brady. 

This  genus,  the  diagnostic  characters  of  which  have  been  above 
indicated,  contains  three  noipinal  species.  It  is  quite  difficult  to 
say  what  differences  exist  between  Sars^  ^^Canthocamptus*^  pygmaus 
and  Attheyella  spinosa,  Brady  did  not  seem  to  recognize  the  fact 
that  his  diagnosis  included  that  species.  The  third  species  is  the 
blind  A.  cyrptorum,  of  Brady,  which  it  is  interesting  to  compare 
with  the  blind  Brady  a  limicola  of  the  coa^t  of  the  gulf  of  Mexico. 

PCECILOSTOMATA. 

This  group,  consisting  of  animals  more  or  less  like  Cyclops  in 
appearance,  but^  during  part  of  their  existence,  semi-parasitic,  has 
been  very  little  studied  in  America.  Most  of  the  fresh-water  species 
inhabit  the  gill-cavities  of  fishes.  The  gills  of  fishes  should  always 
be  examined  (if  practicable,  microscopically)  for  these  interesting 
animals. 

The  mouth  parts  me  greatly  reduced  and  their  homologies  un- 
certain. 

Gbnus  EbgasiluSj  Nordmann. 

Body  shaped  much  as  in  Cyclops;  anterior  antennae  short;  anten- 
nules  in  the  female  large,  four-jointed,  terminating  in  a  strong 
claw.  Mouth  opening  in  the  center  of  the  very  large  head,  which 
is  not  beaked  in  front.  The  mouth  parts  are  inconspicuous,  but 
the  maxilliped  is  a  stout  organ  terminating  in  a  long  claw.  The 
three  anterior  pairs  of  feet  are  bi-ramose,  and  each  ramas  is  three- 
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jointed;  the  outer  ramus  of  the  fourth  foot  is  two-jointed;  the  fifth 
pair  is  absent  or  rudimentary.  The  abdomen  is  four  or  five-jointed, 
and  the  stylets  are  rather  short.    Ova-sacs  two,  large. 


.£rsrasilu8  depressus,  Sara. 

(See  Forhandlinger  i  Videnskabs-Selskabet,  1862.) 

The  form  figured  in  plate  S.,  fig.  1,  is  known  from  a  gathering 
taken  under  the  same  circumstances  as  Sars*  specimens,  and  con- 
sisted only  of  males.  The  animal  is  very  transparent  with  deep 
blue  markings  below,  especially  between  the  bases  of  the  feet. 
Sars  thinks  the  males  are  always  free,  while  the  females  early  re- 
tire to  the  gill-cavities  of  fishes.  This  species  may  be  distinct  from 
the  Norwegian  form,  but  there  is  no  reason  for  declaring  that  it  is 
so. 

E.  depressus  is  probably  the  young  of  the  widely  distributed  E. 
sieboldii. 


Note. — As  the  systematic  part  of  this  work  draws  to  a  close,  a 
note  is  received  from  Prof.  Birge,  who  was  so  kind  as  to  glance 
through  advance  sheets  of  the  portion  upon  Gladocera.  Prof.  Birge 
informs  me  that  his  Scapholeberis  nasuta  is  the  same  as  S.  (Daph- 
nia)  aurita,  Fischer,  as  published  in  1849  in  the  Bull.  Natur^ 
forsch.  Gesellsch.  in  Moscau,  Bd.  22.  This  paper  I  have  not  seen. 
At  Prof.  Birge's  suggestion,  then,  read  on  page  43. 

Sp.  4,    Scapholeberis  aurita,  Fischer. 

Daphnia  aurita,  fischer. 
Scapholeberis  naauta,  bi  kok 
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CHAPTER  IV. 


COLLECTING,  PRESERVATION   AND   MISCELLANEOUS 

NOTES. 

The  appliances  employed  in  the  capture  and  study  of  Entomo- 
straca  are,  in  the  main,  those  employed  by  the  student  of  aquatic 
vegetation.  The  first  in  order  of  importance  is  the  hand-net  and 
its  accompaniment,  long  rubber  boots,  such  as  cover  the  entire 
leg  being  preferable.  Thus  equipped,  the  student  can  collect  by 
far  the  greater  number  of  fresh- water  Crustacea.  The  net  is  best 
made  by  obtaining  an  ordinary  gaff  or  dipping  net  of  extra 
strength  but  small  size.  If  jointed,  the  ferrule  must  be  unusually 
strong,  not,  indeed,  because  of  the  weight  or  activity  of  the  prizes, 
but  because  it  is  often  necessary  to  lift  a  net  full  of  water,  which  is 
a  greater  strain  than  the  strongest  fish  would  produce  in  a  net 
with  open  meshes.  The  ring  of  such  a  net  is  furnished  mth  a  me- 
dium-sized bag  of  some  porous  but  still  rather  close  fabric.  The 
writer  usually  uses  for  this  purpose  the  thinner  variety  of  flour 
sacking.  This  material  fulls  a  little  when  wet,  And  permits  the 
water  to  pass  rather  too  slowly,  but  this  is  a  good  fault.  The  net 
is  used  in  shallow  water  and  among  weeds.  After  the  net  has 
been  repeatedly  filled  and  permitted  to  drain  nearly  empty,  the 
bottom  of  the  net  is  seized  and  the  small  remaining  amount  of 
water  is  thrown  by  a  dexterous  movement  of  the  hand  into  a  large- 
mouthed  jar,  several  of  which  are  needed.  By  this  method  the  ani- 
mals can  be  secured  in  any  desired  degree  of  concentration,  so  to 
speak,  provided  care  is  taken  to  avoid  fouling  the  net  with  fine 
mud  or  debris.  A  single  jar  should  usually  contain  only  a  gather- 
ing from  a  single  locality.  In  case  the  collection  is  not  to  be  ex- 
amined at  once,  the  gathering,  which  must  now  be  quite  free  from 
admixture  of  mud  and  filth,  is  concentrated  as  much  as  possible. 
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and  then  poured  into  a  thin  filter-paper  or  a  thin  muslin  bag. 
When  nearly  dry,  the  funnel  is  held  over  a  small  bottle,  an  open- 
ing is  made  in  the  apex  of  the  filter,  and  the  contents  washed 
through  with  slightly  dilute  glycerine.  Soon  after  pure  glycerine 
is  added  so  as  to  bring  up  the  whole  to  the  required  degre  of  con- 
centration. A  suflSciency  must  be  used  to  well  cover  up  the  whole. 
In  case  of  haste  the  end  of  the  filter  containing  the  gathering  may 
be  torn  off  and  placed  at  once  in  a  bottle  of  glycerine  or  alcohol. 

For  the  collection  of  Cyprid©  it  is  recommended  to  juse  a  very 
thin  fine  net,  and  gather  as  much  as  possible  of  the  finely  commi- 
nuted debris  which  settles  in  weedy  pools.  Spread  this  material  in 
shallow  pans  and  in  an  hour  or  so  skim  the  surface  with  a  small 
spoon-like  hand-net,  and  transfer  with  the  addition  of  clear  water 
to  shallow  porcelain  plates.  Such  $:atherings  may  contain  Ilyo- 
cryptus,  Monospilus,  the  hook-nosed  Pleurozids  (»aPercantha)  and, 
perhaps,  also  species  of  Oanthocamptus. 

*  The  entomostraca  of  the  larger  lakes  must  be  sought  by  a  differ- 
ent method.  A  net  of  larger  size,  and  composed  of  very  thin  ma- 
terial is  drawn  after  a  boat  which  is  kept  moving  in  different  parts 
of  the  lake.  Such  a  net  should  be  so  weighted  as  to  receive  water 
from  the  surface  as  well  as  from  several  inches  below  it.  The  net 
is  emptied  occasionally  with  plenty  of  water  into  large  bottles, 
which  may  preferably  be  placed  in  the  dark  if  to  be  unexamined 
for  some  time.  'Water  kept  in  the  dark  will  preserve  its  animal 
life  for  a  much  longer  time  than  if  exposed  to  the  sunlight. 

A  similar  net  may  be  placed  in  a  rapid  stream  in  such  a  way 
chat  it  remains  partly  full,  but  does  not  overflow.  The  accumula- 
tions of  a  day  may  be  thus  gathered  into  little  space.  The  faucets 
of  the  city  water  will  frequently  afford  a  good  supply  of  animal 
life,  and  unfortunately  in  Minneapolis  a  rather  large  number  of 
forms  are  worms  of  a  suspicious  and  unpleasant  appearance.  It 
must  be  observed  that  for  this  purpose  the  faucet  must  be  well 
open  so  that  a  good  current  is  secured,  otherwise  most  of  the  im- 
purities will  be  dropped  on  the  way.  A  friend  mentioned  that  very 
little  life  was  found  in  the  city  water  after  long  and  careful  experi. 
ment,  during  which,  however,  a  very  small  stream  was  allowed  to 
trickle  through  the  complicated  set  of  graduated  screens.  But  the 
writer  at  the  same  time  secured  a  rather  large  supply  both  of  en. 
tomostraca  and  vegetable  forms  by  simply  permitting  the  water 
from  the  hydrant  faucet  to  flow  with  full  head  through  a  muslin 
net. 

But  our  methods  are  not  yet  exhausted.    The  dipping  bottle 
12 
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frequently  brings  up  animals  quite  di£ferent  from  those  collected 
by  the  towing  net  at  the  surface.  This  consists  of  a  large  bottle 
weighted  by  a  suitable  bit  of  lead  or  iron  and  fitted  with  a  tight- 
fitting  cork  or  wooden  stopple.  The  stopple  is  attached  to  the  Hue 
fastened  at  the  neck  of  the  bottle  in  such  a  way  that  a  sudden 
twitch  of  the  cord  opens  the  bottle  when  it  has  sunk  to  the  re- 
quired depth.  Another  method,  when  one  does  not  object  to  ming- 
ling forms  from  all  depths,  is  to  lower  a  net  weighted  with  a  heavy 
ring  to  the«bottom,  there  agitating  it  slightly  and  drawing  it  vertical- 
ly upward.  This  serves  in  a  poor  way  in  the  place  of  a  dredge  and 
will  secure  a  larger  gathering  than  the  dipping  bottle,  and  is  quite 
as  easily  rigged.  The  collections  secured  in  either  of  the  above  ways 
are  placed  in  large  shallow  porcelain  plates  and,  the  microscope  be- 
ing ready,  the  study  may  begin.  With  a  rather  large  hand-mag- 
nifier, with  which,  however,  the  student  will  soon  be  able  to  dis- 
pense entirely,  the  various  forms  seen  swimming  or  creeping  or 
springing  about  are  scanned,  chiefly  for  the  purpose  of  noting 
their  motions.  The  little  black,  brown  or  yellow  imps  springing 
on  the  surface  are  rapidly  skimmed  off  as  hindrances,  and  (if  the 
student  is  interested'  in  the  Podurae)  consigned  to  a  bottle  of  spirits. 
Next  a  great  Belostoma,  Goriza,  Water-skater,  Ranatra,  or  Dysti- 
cus  requires  the  same  treatment.  Perhaps  a  half  dozen  '*  whirligig- 
beetle^^  require  more  time  to  dispose  of,  and  then  a  careful  remov- 
al of  the  dragon-fly  larvae  and  "water-tigers"  leaves  the  coast  com- 
paratively clear  save  for  sand-fleas  and  dipterous  larvae  which  must 
be  endured  as  necessary  evils. 

With  a  narrow  slip  of  paper  folded  trough-wise  the  desired  animal 
is  captured  by  a  quick  movement  and  the  water  permitted  to  drain 
off,  when  the  specimen  is  placed  on  the  object-carrier,  and  a  square 
cover  glass,  one  corner  of  which  has  been  armed  with  a  bit  of  wax, 
is  placed  over  the  animal  and  then  adjusted  so  as  to  give  the  re- 
quisite amount  of  pressure  to  quiet  its  restless  motions.  The  slip 
of  paper  is,  in  every  way,  more  convenient  than  a  dipping  tube  and 
avoids  flooding  the  object-carrier.  With  a  half-inch  objective  and 
suitable  eye-piece  the  whole  animal  is  drawn  in  as  natural  a  posi- 
tion as  possible,  either  with  the  aid  of  a  camera  or  free  hand,  by  the 
assistance  of  careful  measurements  and  a  given  scale.  A  one-fifth 
inch  objective  is  now  substituted  and  all  possible  details  added.  If 
any  dissections  are  necessary,  the  cover  glass  may  be  removed,  the 
slide  placed  upon  a  slip  of  black' paper  and  the  parts  separated  as 
far  as  possible  by  the  aid  of  a  watcbmaker^s  glass  or  dissecting^ 
microscope. 
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Up  to  the  present  time  almost  the  only  reagent  which  could  be 
employed  for  the  instantaneous  killing  of  Entomostraca  with  the 
body  in  its  natural  position  and  the  preservation  of  the  same  was 
osmic  acid^  which  partly  on  account  of  its  expense,  perhaps,  seems 
rarely  to  find  its  way  into  our  laboratories.  And  even  this  is  but 
p&rtially  successful  or  causes  such  a  dark  color  as  to  obscure  what 
one  most  desires  to  see.  The  desideratum  seems  to  have  been  sup- 
plied by  the  discovery  of  Prof.  Hermann  Fol  that  ferric  perchloride 
produces  not  only  an  instantaneous  death  but  a  fizafcion  of  all  the 
parts  with  very  little  coloration  or  shrinkage.  The  alcoholic  solu- 
tion is  diluted  to  about  2  per  cent,  and  applied  to  a  small  quantity 
of  water  in  which  the  animal  is  swimming,  or  a  more  concentrate 
solution  is  added  at  once  to  the  water  of  a  vessel  containing  numer- 
ous Entomostraca.  The  water  is  poured  off  and  the  animals  washed 
with  alcohol  of  70  per  cent.,  to  which  a  few  drops  of  nitric  acid 
may  be  added  to  remove  the  ferric  salts.  According  to  Fol,  in 
transparent  animals  the  appearance  is  very  little  changed  by  this 
process.  Specimens  thus  prepared  may  be  preserved  in  alcohol 
and  afford  preparations  for  making  thin  sections.  They  do  not 
take  color  well,  but  may  be  stained  with  gallic  acid  without  diffi- 
culty. 

As  a  preservative,  glycerine  does  admirably  for  Copepoda,  but  no 
known  fluid  works  satisfactorily  for  the  Cladocera  unless  after  such 
treatment  as  above  indicated.  Sections  may  be  made  by  imbedding 
in  soap,  but  the  tissues  of  the  Cladocera  are  so  delicate  that  the 
writer  never  succeeded  in  making  permanent  preparations  of  such 
sections.  Either  the  alcohol  or  the  balsam  as  it  flows  in  almost  in- 
evitably disturbs  the  natural  position.  50  grammes  of  soap  are  dis- 
solved in  200  cu.  cent,  heated  alcohol  of  96  per  cent.  The  soap 
should  be  shaved  very  thin.  A  shallow  paper  trough  is  prepared 
And  filled  with  the  still  warm  mixture,  and  the  animal,  which  lies 
in  concentrated  alcohol,  is  transferred  into  the  solution  and  agitated 
till  its  tissues  are  permeated  with  the  soap.  When  cold,  the  bit  of 
«oap  is  cut  into  the  required  form  and  is  ready  to  be  placed  in  the 
microtome. 

As  a  preservative  medium  for  Gopepoda,  Carpenters^  gelatine  an- 
swers well.  It  consists  of  clarified  gelatine,  one  ounce  to  six  fluid 
dramchs  of  pure  glycerine.  The  preparations  mounted  in  this  re- 
quire no  cement,  as  the  gelatine  is  quite  firm  when  cold. 
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APPENDIX. 


The  previous  pages  refer  to  the  fresh-water  Crustacea  simply  and 
will  give  a  tolerable  idea  of  the  variety  exhibited  in  the  fauna  of  the 
lakes  and  rivers  of  America.  The  majority  of  Copepoda  are  marine 
and  the  coasts  of  the  United  States  will  afford  the  student  of 
marine  entomostmca  a  rich  harvest  of  curious  forms.  These  ani- 
mals are  now  being  investigated,  it  is  understood,  by  competent 
naturalists.  In  the  meanwhile  any  notes  niay  be  of  a  temporary 
interest.  The  following  jottings,  which  are  the  result  of  a  few  days 
stay  on  Mississippi  sound,  will  give  an  idea  of  the  fauna  of  the  gulf 
of  Mexico,  They  are  extracted  from  a  paper  offered  the  Minnesota 
Academy  of  Natural  Sciences. 

FAMILY  CALANIDJE. 

Qe^vq  Pbbudo-diaptomus.    (Gen.  n.) 

Resembling  Metrida  and  Diaptomus;  compactly  fr:imed;  cepha- 
lothorax  6-jointed,  last  two  segments  coalescent  above;  head  round- 
ed in  A'ont,  beaked;  eye  small;  antennae  appearing  23-jointed  in 
both  sexes,  longer  than  the  thorax;  the  right  male  antennss  genic- 
ulate as  in  Diaptomus;  antennules  bi-ramose,  both  rami  rather  short, 
inner  one  seeminij:  but  two-  or  three-jointed;  mandible  ten-toothed; 
maxillipedes  well  developed;  feet  all  bi-ramose  save  the  last,  both 
rami  3-jointed;  first  feet  smaller;  fifth  feet  with  inner  ramus  obso- 
lescent, in  the  male  nearly  as  in  Diaptomus,  in  the  female  rather 
slender,  simple,  three- jointed;  abdomen  in  the  female  S-jointed,  in 
the  male  5-jointed;  stylets  in  the  female  longer;  ova-sac  single; 
spermatophore  pear-shaped. 

This  genus  is  of  unusual  interest  on  account  of  its  close  approach 
to  the  fresh-water  section  of  the  family. 

The  spermatophore  in  this  genus  is  large  and  swollen  and,  as 
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seen  through  the  body  of  the  male,  is  liable  to  be  mistaken   for 
eggs. 

Pseudopdiaptomus    pelagicus.    (Sp.  n.) 

Rsther  compact;  thorax  alike  in  the  sexes,  antennae  short, 
seeming  22-jointed;  first  foot  small,  both  rami  3-jointed;  fifth  feet 
in  the  male  with  but  small  rudiments  of  the  inner  rami,  basal 
portion  heavily  armed  with  short  teeth,  otherwise  almost  as  in 
Diaptamus;  fifth  feet  of  female  slender,  alike;  abdomen  in  male 
very  slender,  with  short  stylets  armed  with  five  terminal  setae  and 
a  series  of  bristles  on  the  inner  margins,  distal  margin  of  segments 
of  abdomen  toothed;  a  series  of  spines  also  ornaments  the  middle 
of  the  first  segment  below;  abdomen  of  female  short  and  very 
spiny,  first  joint  thick,  second  slender,  oblong,  third  joint  short; 
length  of  abdomen  supplemented  by  that  of  the  elongated  stylets, 
which  are  spinulous  on  their  edges;  ova-sac  ovoid,  eggs  numerous; 
opening  of  operculum  vulvae  with  lateral  projecting  lips. 

This  species  is  ornamented  with  irregular  markings  of  brownish 
color  which  give  it  a  strange  appearance  not  observed  in  any  other 
copepod.  The  size  is  like  Tetnora  velox,  which  the  female  resem- 
bles a  little,  a  resemblance  enhanced  by  the  elongated  stylets.  By 
some  changes  in  the  definitions  of  Metrida  and  Pleuromma  these- 
three  genera  could  be  united,  but  there  would  then  be  no  valid 
excuse  for  not  admitting  Diaptomus^  so  that,  on  the  whole,  it  may 
be  well  to  let  matters  stand  until  we  reach  some  better  understand- 
ing of  the  natural  generic  affinities  of  these  animals. 

Habitat,  Mississippi  sound,  gulf  of  Mexico. 

Genus  Dias,  Lilljeborg. 

Slender ;  cephalothorax  very  long,  narrow  in  front ;  abdomen 
with  five  segments  in  the  male,  in  the  female  with  three;  antennae 
20-jointed,  nodose ;  secondary  branch  of  antennules  one-jointed, 
small ;  labrum  large;  posterior  maxillipeds  short;  swimming  feet 
with  2-  and  3- join  ted  rami;  fifth  feet  with  a  single  ramus. 

Dias  longiremis,  Lilljeborg  ? 

Unfortunately  the  gathering  was  insufficient  to  determine  with 
ccirtainty  the  identity  of  our  species  with  the  above,  but  the  female 
agrees  quite  well;  and    those  points  in  the  young   males  seen 
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which  could  be  compared  with  the  descriptions  of  Z>.  longiremis 
were  sa£ScieutIy  concordant.  This  species  ranges,  in  the  eastern 
hemisphere,  from  the  North  sea  to  the  Mediterranean,  and  could 
be  expected  here.  It  is  a  very  active  animal  and  represents  a  well 
differentiated  type. 

Gekus  Temora,  Baird. 

Elongate;  thorax  five-jointed,  fourth  and  fifth  segments  closely 
combined ;  abdomen  with  four  segments  in  the  male,  three  in 
female ;  antennse  24-  or  25-jointed ;  right  antenna  of  the  male 
geniculate;  mouth  parts  as  in  Calanus;  inner  branches  of  second, 
third  and  fourth  pairs  of  feet  two-jointed,  of  first  one-  or  two-jointed; 
fifth  feet  with  but  one  branch,  prehensile  in  the  male. 


Temora  affinis,  Poppe. 
»-  r.  graeUis,  herrick,  m& 

The  shallow  bays  and  estuaries  along  the  Gulf  of  Mexico  swarm 
with  a  species  of  Temora  but  little  unlike  7\  velox. 

The  body  is  much  less  compact,  it  being  rather  slender  in  both 
3exes;  in  like  manner  the  caudal  stylets  are  very  much  elongate, 
being  nearly  as  long  as  in  T.  longicornis  of  Mueller,  from  which  it 
is  clearly  distinguished  by  many  obvious  characters,  and  which 
seems  to  show  an  approach  to  Metrida. 

The  antennse  in  male  and  female  are  just  as  in  T.  velox^  and  the 
fifth  feet  are  little,  if  at  all,  dissimilar  ;  the  spine  on  the  second 
joint  in  the  female  is  not  serrated,  however,  and  the  basal  joint  of 
the  abdomen  in  this  sex  has  three  teeth  on  either  side.  The  caudal 
stylets  are  about  six  times  as  long  as  broad  in  the  female  and 
densely  spined,  as  is  the  last  abdominal  segment.  The  stylets  are 
more  slender  in  the  male  and  have  few  spines,  but  the  last  abdom- 
inal segment  has  three  larger  spines  on  either  side.  Inner  ramus 
of  the  first  foot  one-jointed.  The  animal  is  generally  colorless*  in 
autumn  at  least,  but  may  be  variously  ornamented  with  prismatic 
colors,  the  most  constant  of  which  markings  are  a  band  about  the 
stylets  and  across  the  thorax  and  between  the  bases  of  the  leet. 
The  ova  are  very  numerous  and  carried  as  in  Diaptomua.  This 
species  is  littoral  in  habitat  and  ranges  from  salt-water  bays  to  the 
fresh  i^aters  of  rivers,  along  with  several  varieties  of  Cyclops^ 
Sida^  etc. 
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FAMILY  HARPACTICIDyE. 
Gekus  Amtoke,  Glaus. 

Body  much  compressed;  dorsal  margin  strongly  curved;  head 
very  large,  produced  and  angled  below;  antennae  6-  to  S-jointed; 
antennules  palpate,  3-jointed;  second  maxillipeds  long,  chelate  at 
the  end;  last  thoracic  and  anterior  abdominal  segments  enlarged; 
fifth  feet  leaf-like,  large. 

A  very  small  crustacean,  little  over  i  mm.  long,  occurs  in  the 
gulf  of  Mexico  in  shallow  water  among  vegetation.  InsufBcient 
material  prevented  its  complete  study,  but  it  is  nearly  allied  to  A. 
sphcBrica^  Glaus,  from  which  it  differs  in  several  particulars. 

I  can  do  no  better  than  quote  the  remarks  of  Glaus,  the  original 
discoverer  of  this  peculiar  genus. 

"The  body  of  this  highly  remarkable  form,  represents,  in  its 
general  form,  an  intermediate  stage  between  the  nauplius  (cyclops 
larvae)  and  the  mature  copepods.  The  oval,  almost  spherical  formi 
the  slight  development  of  the  abdomen  and  the  enlargement  of  the 
anterior  thoracic  segment  recall  the  structure  of  the  larva,  while 
the  almost  complete  segmentation  of  the  body,  the  jointing  of  the 
antennae  and  the  swimming  feet,  as  well  as  development  of  the  re- 
productive organs,  make  the  maturity  of  the  creature  certain,  ^' 
(Beitr.  zur  Eenntniss  der  Entom'^straken.) 

Genus  Laophonte,  Philippi. 

Rather  slender;  antennae  4-,  8-jointed;  palp  of  antennules 
1-jointed;  mandibular  palp  l-or-2-jointed;  maxillae  palpate;  first  pair 
of  feet  slender,  outer  branch  short,  8-jointed,  inner  branch  elon- 
gated, 2-iointed;  three  following  pairs  with  one  ramus  3-,  the  other 
2-jointed. 

Laophonte  similis,  Clans? 

The  small  crustacean  which  is  referred  to  the  above  species  oc- 
curs sparingly  in  the  brackish  waters  of  Mobile  bay,  and  with 
Teinora  seems  to  be  the  only  entomostracean  not  also  found  in  the 
fresh  waters  adjacent. 

From  the  few  specimens  found  it  could  not  be  certainly  deter- 
mined that  our  species  is  identical  with  the  European.  The  dif- 
ferences are,  however,  such  as  might  be  expected  in  immature  speci- 
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mens.  Brady  figures  a  similar  redactiou  in  the  namber  of  joints 
of  the  antennae  as  that  seen  in  our  specimens.  The  fifth  foot  too, 
is  less  well  armed  with  spines,  but  otherwise  the  agreement  is  tol- 
erably close. 

Genus  Harpaoticus,  Milne-Edwards. 

Elongate  or  expanded  laterally;  head  united  with  the  first  thor- 
acic segment;  first  and  second  abdominal  segments  coalescent: 
antennae  8-,  9-jointed;  mandibular-palp  2-branched,  large;  second 
pair  of  maxillipeds  strongly  developed;  outer  ramus  of  the  first 
pair  of  feet  2-  or  S-jointed,  inner  ramus  2-jointed;  first  and  second 
joints  of  outer  ramus  elongated,  second  joint  of  inner  ramus  short; 
both  rami  of  following  pairs  of  feet  3-jointed;  ova-sac  single. 

Harpacticiis  chelifer,  Maeller.    (var.  n.  ?) 

The  species  inhabiting  the  gulf  of  Mexico  resembles  H.  gracilis^ 
Glaus,  in  the  length  of  the  setae  and  some  other  peculiarities;  but 
the  antennary  palp  is  more  like  H.  chelifer^  with  which  it  closely 
agrees  in  most  respects.  Remembering  that  the  entomostraca 
have  their  highest  development  in  temperate  and  arctic  regions,  the 
small  size  and  greater  proportional  length  of  setae  and  stylets  may 
be  explained.  H.  gracilis  from  the  Mediterranean  takes  the  place 
of  the  true  H.  chelifer  of  the  North  sea,  and  is  regarded  by  Brady 
as  the  same  species.  Our  form  would,  in  this  case,  stand  more 
nearly  related  to  the  typical  form.  Both  branches  of  the  first  feet 
are  two-jointed  and  the  antennary  palp  has  three  spines  on  its  dis- 
tal segment. 

Genus  Bradta,  Boeck.     (1872.) 

Antennae  very  short,  6-,  T-joiuted;  antennules  of  moderate  size 
longer  than  antennae,  with  a  2-  or  3-jointed  palp;  mandibular  palp 
large;  maxillipeds  rather  large,  outer  branch  (first  foot-jaw  of 
Brady?)  much  as  in  Calanidce;  first  four  pairs  of  feet  nearly  alike; 
fifth  pair  small,  not  lamellate. 

This  peculiar  genus  is  not  yet  well  circumscribed  and  defined, 
and  it  is  much  to  be  regretted  that  lack  of  time  prevented  from 
ascertaining  how  far  the  western  species  agrees  with  the  generic 
characters  of  the  European  form  and  thus  determining  the  validity 
of  the  assumed  generic  criteria.  That  our  species  is  a  member  of 
the  genus  can  not  be  doubted,  but  the  hurried  examination  which 
could  be  devoted  to  it  failed  to  cover  the  entire  structure. 
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Bradya  limicola.    (Sp.  n.) 

Body  flattened;  iree  margins  of  the  segments  of  the  dorsal  cara- 
pace rather  long;  little  separation  between  abdomen  and  thorax; 
abdomen  cylindrical,  rather  long;  stylets  short ;  distal  margin  of 
the  segments  spined  ;  antennsB  very  short,  6-  or  7-jointed,  hardly 
longer  than  the  movable  beak;  second  antennae  much  longer, 
3-jointed;  palp  long,  two-jointed  ;  mandibles  palpate,  teeth  fine^ 
much  as  in  Calanidse;  palp  bi-ramose,  second  ramus  very  small ; 
maxillsB  of  moderate  size;  maxillipeds  large,  outer  one  as  in  Cala- 
nidae;  first  four  pairs  of  feet  bi-ramose,  each  ramus  3-jointed ;  fifth 
foot  small,  with  two  terminal  digitate  processes  and  a  seta  on  either 
side.  The  male  is  at  least  a  third  smaller  and  has  longer  caudal 
stylets;  the  antennae  are  modified,  but  very  short.  The  eyes  are 
wanting  in  both  sexes.  This  very  interesting  species  was  collected 
in  the  brackish  water  of  a  ditch  shaded  by  high  sedges  so  that  the 
sun  could  hardly  penetrate.  I  did  not  find  any  representative 
of  the  genus  in  the  open  waters  neighboring,  but  it  is  hardly  to  be 
doubted  that  such  exist.  This  species  is  quite  distinct  from  Bra- 
dya  typica  of  north  Europe, 

The  only  other  blind  copepod  with  which  I  am  familiar  is 
Attheyella^  which  is  circumstanced  somewhat  as  the  above. 

The  European  B.  typica  is  pelagic;  ours  dwells  in  darkened 
ditches  and  seems  to  furnish  another  illustration  of  the  efiects  of 
seclusion  upon  the  visual  organs.  Brady  seems  to  have  transposed 
the  maxillipeds;  these  are  really  but  branches  of  the  same  organ, 
as  shown  by  the  development,  and  the  outer  ramus  is,  probably, 
what  Brady  usually  calls  second  foot-jaw  but  here  first  foot-jaw. 
In  the  characters  of  the  mouth  parts  and  fifth  feet  our  species 
seems  to  show  an  affinity  with  the  elongated  higher  copepoda. 

Ocean  Springs,  Mississippi. 

Caligus  americanus,  Dana  and  Pickering  ? 

A  species  of  Caligus  was  collected  at  dusk  far  out  in  Mississippi 
sound  in  considerable  numbers.  The  animals  were  floating  in  a 
bank  of  vegetation  and  swam  freely.  They  seem  not  to  differ 
greatly  from  the  species  described  by  Dana  and  Pickering  in  1838 
from  the  cod  near  New  York.  The  fish  lice  are  remarkable  for 
their  flattened  bodies  and  the  paired  sucking  organs  on  the  head. 

A  species  of  Corycseus  allied  to  C.  varius  of  Dana  was  also  col- 
lected. 
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Note. — Prof.  Forbes,  to  whom  adraace  sheets  of  the  portion  on 
Gopepoda  were  sent,  writes  me  that  he  somewhat  questions  the 
identity  of  the  Minnesota  species  of  Diaptomus  referred  to  Z). 
leptopus  with  the  species  for  which  that  name  was  proposed.  I  do 
not  know  of  any  facts  casting  doubt  upon  the  reference,  but  wish 
to  call  the  reader^s  attention  to  the  suggestion  of  Prof.  Forbes. 
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PLATE  A. 


Fig.    1,    abdomen  of  Moina  paradoxa^  female,  from  Minnesota. 

Fig.    la.  spine  from  post-abdomen. 

Fig.    2.    post-abdomen  of  Moina  rectirostris. 

Fig.  3.  head  of  it.  paradoxa^  female,  showing  (a)  eye  with  pig- 
ment and  lenses,  (b)  yipra-oesophagal  ganglion,  anten- 
nule  with  (c)  its  muscle,  (d)  its  nerve,  and  (e)  its  terminal 
sensory  filaments,  (f)  the  caecum  of  stomach,  (g)  optic 
ganglion,  (h)  stomach,  (i)  oesophagus,  (j)  the  muscles 
which  move  the  eye,  also  part  of  the  labru^l. 

Fig.    4.    antennae  of  same. 

Fig.    5,    ephippium  of  Af.  rectirostris. 

Fig.    6.  "         ot  M.paradoxa, 

Fig.    7.    seminal  cell  of  M.  paradoxa  ;  7a,  a  group  less  magnified. 

Fig.    8.    seminal  cells  of  M.  rectirostris. 

Fig.    9.    first  foot  of  male  of  M.  paradoxa. 

Fig.  10.      "      ''     ''    "      *'  M.  rectirostris  (from  Weismann). 

Fig.  11.    male  M.  rectirostris  (from  Weismann). 

Fig.  12.  head  of  Ceriodaphnia  rotunda.  ( This  and  the  following 
numbers  after  P.  E.  Mueller.) 

Fig.  13.     head  of  C.  punctata. 

Fig.  U.        ''        C.  pulchella. 

Fig.  15.        "        C.  reticulata . 

Fig.  16.        "        C.  quadrangula. 

Fig.  17.        '*        C.  qtiadrangula. 

Fig.  18.    post-abdomen  of  C.  quadrangula. 

Fig.  19,  ''  C.  pulchella. 

Fig,  20.  *'  C.  megops. 

Fig.  21.  "  C.  reticulata. 

Fig.  22.  "  C.  laticaudata. 

Fig.  23.  "  C.  rotunda. 


Digitized  by  VjOOQ IC 


MINNESOTA     CRUSTACEA. 


1^^  Annual  Report 


PLATE  A. 


GeoL  AKoLHisL-Sur.  Minn. 


Digitized  by  VjOOQIC 


Digitized  by  VljOOQIC 


Digitized  by  VjOOQIC 


PLATE  B. 

Fig.   1. 

Ceriodaphnia  rotunda,  male  (after  Kan). 

Pig.   2. 

C.  alabamensis.  female. 

Fig.   3. 

C.  reticulata,  post-abdomen  of  male  with  opening  of  w* 

deferens  (after  Weismann). 

Fig.   4. 

C.  consors  ?  ? 

Pig.    5. 

C.  scitula,  head  of  female. 

Pig.   6.. 

do.,  post-abdomen. 

Fig.    7. 

do.,  antennale  of  male. 

Fig.   8. 

do.,  semen  cell  of  male. 

Pig.    9. 

Scapholeberis  angulata,  adult  femal(>;  9a.  first  foot. 

Pig.  10. 

SchaphoUberis  armata,           " 

Fig.  11. 

do.,  view  from  below. 

Fig.  13. 

Lyncodaphnia  macrothroides,  yoang. 

Fig.  13. 

do.,  labrum. 

Fig.  14. 

do.,  antennale. 

Fig.  15. 

do.,  last  foot,  purple  pigment  in  lower  part. 
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Fig.  1.  Lyncodaphnia  macrothroidea  (»»  Ofrifooma?)^  adalt  female^ 
showing  coiled  intestine,  elevated  anus,  long  antennoies, 
elongated  seta  of  second  antennse,  anterior  caeca,  etc 

Fig.  2.    post-abdomen  of  the  same. 

Fig.  3.    antennale. 

Figs.  4 — 6.    Polyphemus  pediculua^  yoang  and  adult  females. 
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Fig.    1. 

Macroihrix  tenuicomis^  la.  labrum. 

Fig.   2. 

do.,  first  foot. 

Fig.    3. 

do.,  antennte  of  young. 

Fig.    4. 

Macroihrix  pauper. 

Fig.    5. 

Macroihrix  roaea^  antenna  of  male. 

Fig.   6. 

do.9  spines  of  shell-margins. 

Fig.    7. 

do.,  post-abdomen. 

Fig.    8. 

Macroihrix  laiicornis^  male. 

Fig.   9. 

do.,  semen  cells. 

Fig.  10. 

Pasiihea  reciirosiris,  male  antenna. 

Fig.  11. 

Macroihrix  rosea,  post-abdomen. 

Fig.  12. 

Macroihrix  tenuicomis,    " 

Fig.  13. 

Macroihrix  rosea,  post-abdomen  of  male. 

Fig.  14. 

Drepanoihrix  dentata,  antenna. 

Fig.  15. 

llyocrypim  sordidus,  marginal  spines. 

Fig.  16. 

do.,  antenna. 

Fig.  17. 

do.,  post-abdomen. 

Fig.  18. 

Ilyocrypius  spinifer,  18a.  marginal  spines. 

Fig.  19. 

do.,  antenna. 

Fig.  20. 

Macroihrix  tenuicomis,  heart  and  accompanying  vessels* 

Fig.  21. 

Ilyocrypius  spinifer,  post-abdomen. 
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Fig.  1.    Lathonura  rectirostris. 

female,  from  above,  a.  eye.  b.  optic  gauglion.  c.  mus- 
cles of  eye.  d.  muscles  of  antenna,  e.  dorsal  sucking 
disc.    f.  stomach,    g.  young  in  brood  cavity. 

Fig.  2.    female,  from  side. 

Fig.  3.    bead  seen  from  below. 

Fig.  4.    maxillae. 

Fig.  5.    first  foot. 

Fig.  6.    ovary. 

Fig.  7.    antennule. 

Fig.  8.    last  foot. 
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Fig.    1.    Alona  quadrangularis,  female. 

A.  aatenaule.  Lb.  labrum.  Md.  mandible.  P-a.  post- 
abdomen.  An.  anas.  F.  c.  muscaius  flexor  caudalis. 
E.  c.  musculas  extensor  caudalis.  A.  g.  anal  gland, 
n.  g.  nutritive  globale  in  embryo,  t.  tail  of  embryo. 
I,  II,  III,  lY,  y.  five  pairs  of  feet  of  embryo,  mx.  maxilla 
of  embryo,  at*,  antennae  of  embryo,  at^.  antennules 
of  embryo.  H.  heart.  Sh.  g.  shell  gland.  Ov.  ovary. 
Md.  m.  muscle  of  mandible.  At.^m.  muscle  of  antennae. 
E.  eye.  s.  oe.  g.  supra-oesophagal  ganglion.  P.  F.  pig- 
ment fleck. 

Fig.    2.    brain,  eye  and  pigment  fleck  of  same. 

Fig.    3.    Pleuroxus  procurvus^  female. 

Fig.    4.    foot  of  same. 

Fig.    5,    Acroperus  leucocephalus. 

Fig.    6.    Alonella  excisa,  female;  6a.  shell  of  same. 

Fig.    7.    antennae  of  same. 

Fig.    8.    Alonopsis  latissima,  female. 

Fig.    9.    Alonopsis  media^  female. 

Fig.  10.    Camptocercus  macrurus^  post-abdomen. 

Fig.  10a.  lower  angle  of  shell  of  same. 
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PliATE  F. 

Fig.    h 

Chydorus  globosus. 

Pig.    2. 

do.,  first  foot. 

Fig.    3. 

do.,  end  of  post-abdomen. 

Fig.    4. 

Chydorus  sphcericus^  male. 

Fig.    6. 

Chydorus  nitidus,  post-abdomen  of  female 

Fig.    6. 

Chydorus  nitidus^  head. 

Fig.    7. 

Chydorus  sphcerkus^  epbippial  female. 

Fig.    8. 

do.,  female. 

Fig.    9. 

Chydorus  globosus,  post-abdomen  of  male. 

Fig.  10. 

Chydorus  sphcericus^  from  above. 

Fig.  11. 

Chydorus  ovalis. 

Fig.  12. 

Chydorus  ccelatus. 

Fig.  13, 

Crepidocercus  setiger. 

Fig.  14. 

Alona  affinis. 

Fig.  15. 

Pleuroxus  unidens;  16a.  antenna. 
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PLATE  G. 

Fiff.    1.  Alonopsis  latissima^  male. 

Fig.    2.  Alona  glacialis  ?  female. 

Fig.    8.  do.,  male. 

Fig.    4.  Alona  tuherculata.  * 

Fig.    5.  do.,  pos't-abdomen. 

Fig.    6.  do.,  labrum. 

Fig.    7.  do  ,  antenna,  setose  branch. 

Fig.    8,  Alona  glacialis^  antenna. 

Fig.    9.  Alonopsis  latissimat  feet. 

Fig8.10, 11.  Alonella  excisa,  detaiU  of  shell  sculpture. 

Fig.  12.  Pleiiroxus  denticuhtus^  female;  10a.  outline  of  ephippium. 

Fig.  18.  do.,  common  variety. 

Fig.  14.  Alona  tuberculata.  var. 
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PLATE  H. 


Fig.    1.  Pleuroxus  kamatus^  posirabdomen  and  antenna. 

Fig.    2.  PUuroxus  affinis. 

Fig.    8.  AUma  modesta  (  »  lineata?) 

Fig.    4.  Leydigia  quadrangularis. 

Fig.    6.  Eurycercus  lamellatus^  male;  5a.  posterior  margin. 

Fig.    6.  do,  antenna  of  female. 

Fig.    7.  AloneUa  pygmcea. 

Fig.    8.  Tenu>ra  affinis^  Poppe.  female. 

Fig.    9.  do.,  abdomen  of  female. 

Fig.  10.  do«,  male. 

Fig.  11.  do.,  abdomen  of  male. 

Fig.  12.  do.,  fifth  feet  of  male. 

Fig.  13.  do.,  "      *'    of  female. 

Fig.  14.  do.,  jaw. 

Fig.  15.  do.,  antennnle. 

Fig.  16.  NaupliuH  larva  of  this  or  a  related  species. 
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PLATE  I. 


Fig.    1.  Camptocercus  rectirostris^  post-abdomen  of  female. 

Fig.    2.  do.  post-abdomen  of  male. 

Fig.    3.  do.  male. 

Fig.    4.  Camptocercus  biserratus^  head. 

Fig.    5.  Camptocercus  latirostris^  head  of  male. 

Fig.    6.  do.,   head  of  female. 

Fig.    7.  Camptocercus  lillgehorgii^  head. 

Fig.    8.  do.,  post-abdomen  of  female. 

Fig.    9.  Acroperus  leucocephalus^  post-abdomen  of  male. 

Fig.  10.  Acroperus  angustatus^  '^  " 

Fig.  11.  Ahna  tenuicaudis,  post-abdomen. 

Fig.  12.  Alona  dentata^  post-abdomen. 

Fig.  13.  do.  female. 

Fig.  14.  Alona  elegans. 

Fig.  15.  Alona  intermedia. 

Fig.  16.  Pleuroxus  ha  status. 

Fis;.  17.  Leptorhynchiis  falcatus. 

Fig.  18.  Phrixura  rectirostris. 

Fig.  19.  Eurycercus  lamellatus^  first  foot  of  female. 

Fig.  20.  Alona  sanguinea?  shell  markings. 

Fig.  21.  Monospilus  dispar;  21a.  do.,  head  seen  from  in  front. 

Figures  19-21  original,  others  from  Kurz,  P.  B.  Mueller  and  Hchoedler. 
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PliATE  J. 

Fig.    1.  Ceriodaphnia  scitula^  (small  yar.)  ephippial  female. 

Fig.    2.  Bosmina  longirostris. 

Fig.    3.  Bosmina  lilljeborgii.    After  P.  E.  Mueller. 

Fig.    4.  Bosmina^  hook  on  the  first  foot  of  male. 

Fig.    5.  Scapholeberis  mucronata. 

Fig.    6.  Scapholeberis  cornuta,  head. 

Fig.    7.  Scapholeberis  angulata^  head;  7a.  angle  of  shell. 

Fig,    8.  Pleuroxus  denticulatus^  male. 

Fig.    9.  Simocephalus  americanus^  head  of  female. 

Fig.  10.  Bosmina^  post* abdomen  of  male  (after  Weismann). 
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PL. ATB  Ji. 

Fig.   1.     Bosmina  striata. 

Fig.  2.     Bosmina  longirostris.     (See  plate  J,  fig.  2.) 

Figs.  3-5.  Bosmina  cornuta. 

Figs.  6,  7.  Pleuroxus  procurvatus. 

Fig.  8.      OraptoUberis  inermis. 

Fig.  10.    Acroperus  sp. 

Figs.  11, 12.  Oraptoleberis  inermis. 
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PLATE  K. 


Fig.    1.  Daphnia  tninnehaha^  male. 

Fig.    2.  *'               "          part  of  feet  of  first  and  second  pair. 

Fig.    3.  Canthocamptus  hibernicus^  antenna  of  female. 

Fig.    4.  *'                    ''         fifth  foot  of  female. 

Fig.    5.  "               palu8triSy\nienna,  oi  mBXe. 

Fig,    6.  ''               trispinosus^  fifth  foot  of  female. 

Fig.    7.  "               minutus^  young. 

Fig.    8.  "                       "       nauplius  form. 

Fig.    9.  PseucUhsida  hidentata^  adult  female,  antennule,  labrum, 

angle  of  shell  and  post-abdomen. 

Fig.  10.  Daphnia  rosea^  young  female. 

Fig.  11.  "          ''      post-imago. 

Fig.  12.  ''         '^      beak. 
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PLATE  L. 

^ig.  1. 

Daphnia 

minnehaha^  young  female. 

Fig.  2. 

u 

^^          head  of  female;  2a.  post-abdomen 

Fig.  3. 

hyalina,  young  female. 

Fig.  4. 

"      young. 

Fig.  5. 

"      post-imago. 

mg,  7. 

duhia^  young. 

^ig,  8. 

"      older  female. 
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PliATE  M. 

J  Fig.  1.    Daphnia  schcefferi^  post-abdomen  of  female. 

Fig.  2.         "  ''  "  "male. 

Fig.  3.  "  "         male  antennule. 

Fig.  4.  ^^  "         brain  and  nerves. 

inf.  <B.  g.  infrarcesopbagal  ganglion  with  nerves  to  anten- 
nae; oe.  oesophagus;  n.  f.  frontal  nerve;  g.  opt.  optic  gang- 
lion; m.  opt.  muscles  which  move  the  eye;  p.  f.  pigment 
fleck;  n.  opt.  optic  nerve. 

Fig.  6.    Daphnia  schcefferi^  posterior  part  of  embryo. 

Fig.  6.  Eurycercus  lamellatus^  heart,  showing  the  anterior  bifid 
portion  between  the  lobes  of  which  is  the  arterial  openini^ 
and  valve.  The  vaned  arrows  represent  deeper  currents 
while  the  unvaned  indicate  superficial  ones.  The  dotted 
line  represents  the  position  of  the  prlsatin^  membrane 
separating  the  venous  from  the  arterial  currents  and  seen 
in  section  at  (a). 
.  Fig.  7.  Daphnia  similis^  anterior  part  of  the  nervous  system  seen 
from  below,  a.  optic  nerve;  b.  optic  ganglion;  c.  frontal 
nerve;  d.  nerve  to  antennules;  e.  commissure  connecting 
upper  and  lower  oesophagal  ganglion;  t  nerves  toantennse 
and  mandibles. 
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PLATE  N. 

Fig.  1-4.  Daphnia  pulex,  var.  nasutus. 

Fig.  5.  outline  of  head  and  (a)  beak  of  D.  similis. 

Fig.  6.  Leptodora  hyalina^  seen  from  above. 

Fig.  7.  "             "        larva. 

Fig.  8,  Latona  sett/era^  female. 

Fig.  9.  Limnosida  frontosa^  female. 

Fig.  10.  "                 "          antennule  of  male. 

Fig.  11.  Holopedium  gihherum^  female. 

Fig.  12.  Sida  elongata^  head  outline. 

Fig.  13.  Sida  crystallina,  head  outline  of  young  female. 

Fig.  14,  "            *'         antennule  of  male. 

Fig.  15.  "            "                 "         of  female. 

Fig.  16.  Daphnia  galeata,  outline  of  head. 

Fig.  17.  "        "I'lYrea"     "       *'     " 
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PIiAT£  O. 


Fig.    1.  Canthocamptus  illinoisensis^  antenna  of  female. 

Fig.   2.  "  "  fifth  foot  of  female. 

Fig.    8.  "  ''  antennule. 

Fig.    4.  ''  ''  firstfoot. 

Fig.    6.  "  "  caudal  stylet. 

Fig.    6.  Canthocamptus  norihutnbf^icus^    var.    americanus,  fifth 

foot  of  female. 
Fig.    7.  *^  '^  antenna  of  female. 

Fig.    8.         .    "  "  maxilliped. 

Fig.    9.  **  '*  caudal  stylet. 

Fig.  10.  *'  "  antenna  of  male* 

Fig.  11.  "  "  firstfoot.  ^ 

Fig.  12.  •'  ''  fourth  foot. 

Fig.  13.  •^  "  fifth  foot  of  male. 

Fig.  14.  "  "  frontal  area. 

Fig.  15.  Canthocamptus  tenuicaudis,  stylets. 
Fig.  16.  "  "  fifth  foot  of  female. 

Fig.  17.  Cyclops  serrulatus^  fifth  foot. 
Fig.  18.  "  "         fourth  foot. 

Fig.  IQ.  **  "         outer  ramus  of  first  foot. 

Fig.  20.  Canthocamptus    northwnbricus^  inner   ramus  of   third 

male  foot. 
Fig.  21.  "  *'  beak. 

Fig.  22.  "  "  maxilla. 
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PLATE  P. 

Fig.  1.  Heart  of  Sitnocephaltis  vetulus.  a,  tendons  attached  to 
lateral  walls  of  heart,  b,  venous  opening  of  heart,  c, 
muscular  bands  supporting  the  abdomen,  connected  bj 
transverse  bands,  d,  cells  of  nutritive  matter  hiding  the 
arterial  opening,  e,  thin  membrane  seen  in  section 
which  separates  the  venous  from  the  arterial  blood  cur- . 
rents,  is  in  focus  near  the  side,  but  its  situation  in  the 
center  is  shown  by  the  dotted  line.  Above  this  or  out- 
side it  is  the  attachment  of  the  powerful  antennary 
and  mandibular  muscles,  f,  posterior  arterial  sinus,  g, 
brood-sac.  h,  alimentary  canal  with  thick  glandular 
cell  walls,  i,  shell  gland  or  excretory  organ,  j,  power- 
ful muscles  supporting  and  moving  the  abdomen. 

Fig.  2.  An  early  stage  of  the  embryo  of  Daphnia  schceferu  a, 
anus,  n,  nutritive  globules  or  fat  drops  characteristic 
of  the  summer  embryo.  m\  m\  outer  and  inner  enve- 
lope of  the  embryo.  This  is  a  nauplius  stage,  but  not 
the  first  or  proper  nauplius.  The  portion  darkly  shaded 
is  nutritive  yolk. 

Fig.  3.  A  well  advanced  winter  embryo  of  D,  schcefferi.  a,  shell 
growing  over  the  eyes.  b.  c,  inner  shell,  d.  outer  shell, 
e,  lateral  part  of  the  head,  f,  antennules.  g,  labrum. 
h,  mandibles,  i,  maxilla,  j,  second  maxilla  ?  k^  1^ 
m^,  n^,  branchial  appendages  of  the  2d-5th  pairs  of  feet, 
represented  by  k,  1,  m,  n.  o,  first  foot.  p.  antenna, 
q,  anus  and  intestine  partly  completed,  s,  shell  growing 
out  from  the  maxillary  region. 

Fig.    4.    Older  embryo  bursting  outer  shell. 

Fig.    5.    Egg  after  extrusion  into  the  brood  cavity. 

Fig.  6.  Head  of  young  em  Wo.  a,  lenses  in  formation,  b,  eyes 
appearing  as  dark  flecks,  c,  shell  growing  over  the 
head,    d,  labrum.    e,  antennule. 

Fig.    7.    Longitudinal  section  through  an  ephippium. 

Fig.    8.    Vertical  section  through  an  ephippial  Daphnia  schafferi. 

Fig.  9.  Somewhat  oblique  section  through  the  ephippium  (a, 
b,  c),  heart  (h),  mandibles  (m),  and  labrum  (1). 

Fig.  10.    A  vertical  section  through  the  ephippium  and  its  egg. 
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PliATE  Q. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig.  10. 
Fig.  11. 
Fig.  12. 
Fig.  13. 
Fig.  14. 
Fig.  15. 
Fig.  16. 
Fig.  17. 
Fig.  18. 


Alonella  pidehella,  ftmale. 
"  "        reticalatioDS. 

"  "        post-abdomen. 

Alona  modeata,  male. 
Diaptomus  sitniliSf  female.  5a.  jaw. 
"  "     fifth  foot  of  male. 

"      "     "female. 
"        minnetonka^  fifth  foot  of  male. 
"  "        "    "female. 

"  abdomen  of  female. 

atagnalia,  margin  of  last  thoracic  segment. 

"       sanguineus,    "     "    ' 

"        stagnalis,  fifth  foot  of  the  male. 
Episehurafluviatilis,  abdomen  of  male. 
"         lacustris,  fifth  feet  of  male. 
"        Jiuviatilis,  "     "    "     " 
Diaptomus  pallidus    "     "    "     "    inner  ramosl 
"  sicilit        "     "    "     "        "         " 


« 


Digitized  by  Kj OOQ IC 


MINNESOTA     CRUSTACEA. 

12-^Ann^n.port  PLATE  Q.  C^L^Si^jrut.Sur.Jfinn:. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


PliATE  Qi. 

Fig.  1.  Diaptomus  sp.  Young  male;  external  parts  as  yet  but 
partly  developed  showing  alimentary  and  reproductive 
systems  as  well  as  a  portion  of  the  muscular  system. 
The  looped  tube  is  the  vas  deferens.  The  small  irreg- 
ularly coiled  tube  anteriorly  is  the  shell-gland  or 
kidney. 

Fig.      2.    female  with  ovary,  oviducts  and  heart. 

Figs.  3-4.    Nauplius  larva  of  same. 

Figs.  5-6.    fifth  pair  of  feet  of  male  and  female. 

Fig.  7.  mouth  appendages,  anteriorly  the  base  of  antennae  fol- 
lowed by  aotennule,  labrum,  mandible  with  palp,  max- 
illa and  maxilliped. 
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PLATE  Q2. 

Fig.   1. 

Osphranticum  labronectum  {Potamoichetor),  male. 

Fig.    2. 

aotenoule. 

Fig.   3. 

maxilliped. 

Fig.    4. 

fifth  feet  of  male. 

Fig.   5. 

palp  of  mandible. 

Fig.    6. 

end  of  abdomen. 

Fig.    7. 

feet  of  first  pair. 

Fig.    8. 

eye. 

Fig.  18. 

maxilla. 

Fig.  U. 

mandible. 

Fig.   9. 

Cyclops  ater^  female. 

Fig.  Id. 

abdomen. 

Fig.  11, 

maxilliped. 

Fig,  12. 

antenna. 
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PliATE  Qs. 

Fifi:.    1.  Cyclops  ingens,  first  segment  of  abdomen  of  female. 

Fig.    2.  antenna. 

Fig.    3.  fifth  foot. 

Fig.    4.  antenna  of  young  male. 

Fig.    5.  stylets  of  mature  female. 

Fig.   6.  stylets  of  young  male. 

Fig.   7.  maxilliped. 

Fig.    8.  mandible. 

Fig.    9.  Cyclops  Jimbriatus^  female. 

Fig.  10.  antenna. 

Fig.  11.  terminal  portion  of  abdomen. 

Fig.  12.  female  fifth  foot. 

Fig.  13.  second  antenna. 

Fig.  14.  Nauplius  form. 
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.PLATE  Q4. 


Fig.    1.  Cyclops  tefiuicamis^  female. 

Fig.    2.  mandible. 

Fig.    3.  maxillae. 

Fig.    4.  stylet. 

Fig.    6.  fifth  foot. 

Fig.    6.  maxillipedes. 

Fig.    7.  antennae. 

Fig.    8.  Cyclops  ^^signatus,'^  abdomen. 

Fig.    9.  antenna. 

Fig.  10.  fifth  foot. 

Fig.  11.  male  antenna. 

Fig.  12.  Cyclops  parous,  abdomen. 

Fig.  13.  antenna. 

Fig- 14.  fifth  foot. 

Fig.  15.  Cyclops    *'^  adolescens^^     opening    of   spermatheca   and 

cement  gland. 

Fig.  16.  Cyclops  ^^adolescens^'"  abdomen. 

Fig.  17.  foot. 

Fig.  18.  antenna  of  female. 

Fig.  19.  eye. 

Fig.  20.  antenna  of  male. 

Fig.  21.  Cyclops  ^^signatusy'  end  of  antenna. 
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PLATE  Q  6. 

Fig.   1. 

Cyclops  Jluviatilis,  female. 

Fig.   2. 

antenna. 

Fig.    3. 

antenna  of  young. 

Fig.   4, 

abdomen  of  young. 

Fig.    5. 

foot  of  young. 

Fig.    6. 

foot  of  adult. 

Fig.    7. 

fifth  foot. 

Fig.    8. 

eye. 

Fig.  10. 

C.  serrulatus^  young. 

Fig.  11. 

Daphnella  hrachyura^  female. 

Fig.  12. 

Daphnella  hrachyura^  male. 

Fig.  18. 

edge  of  valves. 

Fig.  14. 

abdomen  of  male. 

Fig.  15. 

abdomen  of  female. 

Fig,  16. 

antenna  of  male. 
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PLATE  K. 

Fig.   1. 

Cyclops  modestus. 

Fig.    2, 

i( 

^^         end  of  abdomen. 

Fig.    3. 

(( 

"         outer  ramus  of  first  foot. 

Fig.    4. 

i( 

''      *'  second  foot. 

Fig,    5. 

II 

fifth  foot. 

Fig.    6. 

II 

phaleratus,  fourth  foot. 

Fig.    7. 

1. 

"          outer  ramus  of  first  foot. 

Fig.    8. 

Ik 

fifth  foot. 

Fig,    9. 

11 

caudal  stylets. 

Fig.  10. 

II 

"          antenna  of  young  otherwise  perfect 

Fig.  11. 

II 

Jimbriatus,  end  of  abdomen. 

Fig.  12. 

II 

diaphanus^  abdomen. 

Fig.  13. 

<i 

ater^  inner  ramus  of  first  foot. 

Fig.  14. 

<i 

"    outer      "       "     "       *' 

Fig.  15. 

ki 

'•       ''  fourth  foot. 

Fig.  16. 

tk 

''aignatus"  fourth  foot. 

Fig.  17. 

II 

ater^  inner  ramus  of  fourth  foot. 

Fig.  18. 

II 

"    st>let. 

Fig.  19. 

1. 

sp.?  firstfoot. 

Figs.  20,21.  " 

'^     terminal  segments  of  fourth  foot. 

Fig.  22. 

u 

"     fifth  foot. 

Fig.  23.     Chydorus  globosus,  first  foot  of  male. 
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PLAT£  S. 


Pig.   1. 

ErgasUus 

depressus^  male. 

Fig.   2. 

Cyclops  oUhonoides  (Amer.  C  tenaissimas,  var.),  styleia. 

Fig.   8. 

ftt 

41 

fifth  foot. 

Fig.   4, 

it 

44 

antennules. 

Fig.   6. 

ii 

14 

fourth  feet. 

Fig.   6. 

44 

K 

antenna  of  male. 

Fig.   7. 

44 

44 

breviapinosus^  stylet. 

Fig.   8. 

44 

4| 

44 

inner  maxilliped. 

Fig.   9 

44 

Ik 

44 

swimming  foot. 

Fig.  10. 

i4 

44 

<4 

fifth  foot. 

Fig.  11, 

a 

44 

44 

antennale. 

Fig.  12. 

44 

44 

44 

opening  of  spermatheea. 

Fig.  13. 

Cyclops  sp 

..^,11 

auplias. 
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PLATE  T. 

Fig.    1. 

Canthocamptus  minnesotensis^  first  foot. 

Fig.    2. 

stylets. 

Fig.   3. 

"                      "            antenna  of  female. 

Fig.   4. 

fifth  foot  of  female. 

*ig.   5. 

"                      "              "      "    "  male. 

Fig.    6. 

"                     "            antenna  of  male. 

Fig.    7. 

Daphnia  galeata,  young. 

Fig.   8. 

"       male. 

Fig.    9. 

Camptocercus  leucocephalus,  male. 

Fig.  10. 

Alonella  excisa,  male. 

Fig.  11. 

Cyclops  insignis,  first  foot,  outer  ramus. 

Fig.  12. 

fifth  foot. 

Fig.  13. 

fourth  foot. 

Fig.  14. 

stylet. 

Fig.  15. 

Worm  parasitic  in  arterial  sinus  of  Daphnia  schvefferL 

Note.    On  pages  43  and  44,  for  "  Plate  T."  read  Plate  J. 
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PLATE  U. 


Fig.    1.  Daphnia'kalbergensis^  of  moderate  size. 

Fig.    2.  ''  ^^         antennule  of  male. 

Fig.    3.  "  "  headofvar. 

Fig.   4.  Cyclops  thomasi^  fourth  foot. 

Fig.    5.         '^  ^'        outer  ramus  of  first  foot. 

Fig.    6.  Daphnia  galeata,  typical  form.  / 

Fig.    7.  Cyclops  thomasi^  fifth  foot.  S 

Fig.    8.         "  ''        stylet. 

Fig.    9.  Cyclops  (insectus?)^  fourth  foot. 

Fig.  10.  Bythotrephes  longimanus^  female. 

Fig.  11.  A  curious  large  protozoan;  a.  infandibulum  frame  work 
b.  pulsating  vacuole;  c.  nucleus;  d.  food  and  digested  mat- 
ter; e.  protective  rods;  11a.  spicules  of  the  infundibulum. 
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Figs.  1-14.    Limnetes  gouldii^  Baird. 
Pig.      15.     Daphnia  rnagniceps,  female. 
Fig.      16.    Daphnia  minnehaha^  female. 
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PLATE  V. 


Fig.    1.    Corethra  appendiculata^  head  of  larva. 

Fig.    2.  ^*  "  portion  of  heart  with  its  muscles, 

a.  chitinous  projection  of  the  body  wall  to  which  are  at- 
tached two  muscular  threads;  b.  peripheral  muscle;  c. 
proximal  muscle  attached  to  the  wall  of  the  heart;  d. 
muscles  scattered  orer  the  surface  of  the  heart,  senring 
as  contractors;  e.  venous  opening. 

Fig.    3.    do.,  extremity  of  body. 

Fig.    4.    do.,  abdomen  of  the  pupa. 

Figs.  5,  6,  7.    Rotifera  found  with  entomostraca  in  Minnesota. 

Fig.  8.  Flask-shaped  rotifer,  hermaphrodite,  with  eggs  and  sperm, 
a.  jaws  and  head;  b.  shell  gland;  c.  glandular  portion  of 
the  stomach;  d.  testes;  e.  oesophagus;  f.  one  of  several 
embryos. 

Fig.   9.    jaws  of  the  above. 

Fig.  10.    similar  animal,  female,  deadly  enemy  to  Ghydorus. 

Fig.  1 1 .    jaws  of  same. 

Figs.  12, 18.     P    pedicularis,  ecto-parasite  of  Diaptomus. 
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THE  FLORA  OF  mNNESOTA. 


The  following  catalogue  of  the  plants  of  Minnesota  is  presented 
as  a  report  of  progress  in  this  department  of  the  geological  and 
natural  history  survey  of  the  state.  It  includes  not  only  the 
observations  of  the  state  geologist  and  his  assistants  upon  this 
survey,  but  also  those  of  earlier  botanic  collectors  and  explorers, 
•enumerating  all  the  species  that  are  known  to  have  been  found  in 
Minnesota  by  all  observers  up  to  the  present  time.  Grateful  men- 
tion of  the  various  sources,  in  chronologic  order,  from  which  this 
list  is  largely  a  compilation,  is  therefore  its  most  appropriate  pre- 
face. 

Hennepin,  Carver,  Pike,  and  other  early  explorers  of  this  state, 
occasionally  refer  to  some  of  its  forest  trees,  wild  fruits  and  berries, 
and  plants  used  for  food  or  medicine  by  the  Indians.  Carver,  who 
traveled  to  the  upper  part  of  the  Minnesota  river  in  1767,  wrote  of 
the  region  through  which  it  flows: — "Wild  rice  grows  here  in  great 
abundance;  and  every  part  is  filled  with  trees  bending  under  their 
loads  of  fruits,  such  as  plums,  grapes,  and  apples;  the  meadows  are 
•covered  with  hops,  and  many  sorts  of  vegetables;  whilst  the  ground 
is  stored  with  useful  roots,  with  angelica,  spikenard,  and  ground- 
nuts.^' On  the  uplands  bordering  the  river  he  saw  "such  amazing 
quantities  of  maples,  that  they  would  produce  sugar  sufficient  for 
any  number  of  inhabitants.'* 

The  first  published  list  of  plants,  so  far  as  known  to  the  writer, 
that  includes  species  found  in  Minnesota,  is  in  the  American  Jour- 
nal  of  Science^  vol.  iv,  1822,  pages  66  to  69,  entitled  "Notice  of  the 
Plants  collected  by  Professor  D.  B.  Douglass,  of  West  Point,  in 
the  expedition  under  Govemour  Cass,  during  the  summer  of  1820, 
around  the  Great  Lakes  and  the  upper  waters  of  the  Mississippi: 
the  arrangement  and  description,  with  illustrative  remarks,  being 
furnished  by  Dr.  John  Torrey."  This  includes  115  species,  26  of 
which  were  from  Minnesota. 

The  appendix  of  Keating's  NarrMveof  Major  Long's  Expedition 
in  the  year  1828,  along  the  Minnesota  river  and  the  Bed  river  of 
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the  North  to  lake  Winnipeg^  and  thence  by  the  lake  of  the  Woods 
and  Rainy  lake  to  lake  Superior,  contains  in  pages  105  to  123,  ^^a 
Catalogue  of  Planj»  collected  in  the  North-western  Territory  by 
Mr.  Thomas  Say",  who  accompanied  this  expedition.  These  plants 
were  determined  and  the  catalogue  prepared  for  publication  by 
Lewis  D.  de  Schweinitz,  excepting  the  first  five  species  which  were 
by  Nuttall.  The  flowering  plants  and  ferns  in  this  list  include  124 
species,  30  of  which  are  referred  definitely  to  Minnesota.  Both  the 
foregoing  lists  are  arranged  according  to  the  Linnaaan  system. 

In  Schoolcraft's  Narrative  of  an  Etrpedition  through  tlie  upper 
Mississippi  to  Itasca  lake,  in  1832^  pages  160  to  165  are  entitled 
^'Localities  of  Plants  collected  in  the  Northwestern  Expeditions  of 
1881  and  1832;  by  Douglass  Houghton,  M.  D.,  Surgeon  to  the  Ex- 
peditions." The  genera  in  this  list  are  arranged  alphabetically,  and 
include  247  species,  115  of  which  are  referred  to  this  state. 

Nicollet's  report,  describing  the  basin  of  the  upper  Mississippi 
river,  from  explorations  during  the  years  1836  to  1839,  contains  in 
pages  143  to  165,  a  ^'Catalogue  of  plants  collected  by  Mr.  Charles 
Geyer,  under  the  direction  of  Mr.  J.  N.  Nicollet,  during  bis  explo- 
ration of  the  region  between  the  Mississippi  and  Missouri  rivers: 
by  Professor  John  Torrey,  M.  D."  Of  the  446  species  in  this  cata* 
logue,  about  60  were  collected  in  Minnesota,  most  of  the  others 
being  from  Dakota. 

Owen^s  geological  report  presents  in  its  appendix,  in  pages  606 
to  622,  a  ^^Systematic  Catalogue  of  Plants  of  Wisconsin  and  Minne- 
8ota>  by  C.  C.  Parry,  M.  D.,  made  in  connexion  with  the  Geological 
Surrey  of  the  Northwest,  during  the  season  of  1848."  The  author 
states  that  ^^the  number  of  plants  comprised  in  this  list  is  seven 
hundred  and  twenty-seven,  included  in  one  hundred  and  six  natural 
orders."  Many  of  them  are  particularly  mentioned  as  occurring 
in  this  state,  and  often  interesting  descriptive  notes  are  added,  some 
of  which  are  quoted  in  the  following  pages. 

The  next  contribution  to  our  knowledge  of  the  flora  of  the  state 
is  by  Mr.  Thomas  Clark,  on  the  ^^Botany  of  the  Northeastern 
Geological  District  of  Minnesota",  forming  pages  73  to  82  of  the 
report  of  the  state  geologist^  Aug.  H.  Hanchett,  M.  D.,  in  1865. 
About  a  hundred  species  are  here  enumerated.  Some  thirty  of 
them,  howeveri  only  occur  in  cultivation^  being  mostly  the  com* 
mon  grains  and  garden  vegetables,  noted  to  show  the  agricultural 
capability  of  the  region.  The  other  species  of  this  list  include  chiefly 
the  most  important  forest  trees,  and  such  shrubby  and  herbaceous 
plants  as  seemed  of  special  interest  because  of  their  fruit  or  medi- 
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cinal  qualities,  accompanied  with  remarks  respecting  the  size  of  the 
trees,  and  the  abundance  and  geographical  limits  of  the  native 
species. 

The  most  valuable  of  all  the  publications  concerning  the  botany 
of  Minnesota,  and  the  only  attempt,  before  the  present,  to  give  a 
complete  list,  so  far  as  known,  of  our  flora,  was  ^^a  Catalogue  of  the 
Plants  of  Minnesota,  by  I.  A.  Lapham,  LL.  D.,  of  Milwaukee, 
Wis.",  which  he  prepared  in  1865.  Eight  years  later,  soon  after 
the  initiation  of  the  present  survey  of  the  state,  he  generously  sent 
this  manuscript  to  professor  Winchell,  as  state  geologist.  It  was 
published  in  the  report  of  the  State  Horticultural  Society  for  1875. 
In  the  preface,  Dr.  Lapham  states  that  he  had  consulted  the  lists 
of  plants  already  enumerated  from  Douglass  to  Pany;  but  that  his 
catalogue,  nevertheless,  rests  chiefly  upon  his  ^^own  observationa 
and  collections  made  during  several  excursions  into  the  State;  one 
of  which,  in  the  spring  of  1857,  was  extended  to  the  waters  of  the 
Bed  River  of  the  North."  Dr.  Lapham  refers  to  his  additional 
sources  of  information,  as  follows: — ^^In  1858  Mr.  Robert  Kennicott 
made  collections  of  plants  and  animals  in  the  Red  River  country 
which  are  preserved  by  the  Northwestern  University  at  Evanston, 
Illinois.  Mr.  Charles  A.  Hubbard  collected  expressly  for  me  a  large 
number  of  plants,  including  mosses  and  lichens,  while  on  a  tour 
from  Lake  Superior  to  Lake  Winnipeg  and  Pembina,  as  well  as 
while  on  his  return  by  way  of  St.  Paul.  In  1861  Mr.  T.  J.  Hale, 
while  prosecuting  geological  investigations  along  the  Mississippi 
river  in  connection  with  the  Wisconsin  State  survey,  made  some 
collections  of  plants  in  Minnesota,  a  list  of  which  he  has  kindly 
furnished  to  me.  Several  species  are  introduced  upon  his  authority." 
The  flowering  plants  and  vascular  cryptogams  in  this  catalogue 
comprise  896  species,  besides  which  it  also  enumerates  55  species  of 
mosses,  liverworts  and  lichens  found  in  Minnesota.  It  is  without 
notes,  in  respect  to  the  part  of  the  state  where  plants  of  limited 
range  occur,  and  does  not  indicate  whether  the  species  are  common 
or  rare. 

Mr.  Qeorge  M.  Dawson's  report  to  the  British  North  American 
Boundary  Commission,  on  the  Oeology  and  Resources  of  the  region 
in  the  vicinity  of  the  Forty^ninth  Parallel^  from  the  Lake  of 
the  Woods  to  the  Rocky  Mountains^  published  in  1875,  contains  in 
pages  851  to  379|  a  list  of  plants  collected  in  this  survey  during 
the  summers  of  1873  and  1874,  with  notes  of  their  localities  and 
dates  of  collection,  stating  whether  they  were  found  in  flower  or  in 
other  stages  of  growth.    This  enumerates  636  phsBUOgams  and 
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vascular  cryptogams,  of  which  289  were  collected  on  the  northern 
border  of  Minnesota^  from  the  lake  of  the  Woods  to  the  Red  river. 
Twenty-three  species  of  mosses  and  lichens  were  also  collected  on 
this  part  of  the  international  boundary.  The  rushes,  sedges  and 
grasses  of  this  list  were  determined  by  Prof.  John  Macoun;  by 
whom,  as  also  by  Mr.  Dawson,  some  additional  notes  respecting 
their  identifications  of  species  and  more  recent  collections  in  the 
same  region  and  thence  eastward  to  lake  Superior,  have  been  kindly 
furnished. 

Another  collection  of  plants,  numbering  about  800  species,  was 
made  on  the  same  survey,  along  its  extent  from  the  Red  river  to 
the  Rocky  mountains,  in  connection  with  the  U.  S.  Northern 
Boundary  Commission,  by  Dr.  Elliott  Goues,  who  submitted  them 
to  Prof.  J.  W.  Chickering  for  determination  and  report.  With 
these  were  also  incorporated  the  species  of  Mr.  Dawson^s  list  (ex- 
cepting mosses  and  lichens),  so  far  as  they  were  not  included  in 
Dr.  Goues*  collection,  making  a  catalogue  of  692  species,  besides 
several  varieties;  which  was  published  in  1878  in  the  Bulletin  of  the 
United  States  Geological  Survey^  vol.  iv,  pages  801  to  830.  Ninety- 
six  species  are  stated  to  have  been  found  at  Pembina,  situated  on 
the  Red  river,  adjoining  Minnesota. 

A  few  species  of  Garex,  collected  by  Sir  John  Richardson  at 
Rainy  lake  and  the  lake  of  the  Woods,  and  determined,  by  Dr. 
Francis  Boott,  are  included  in  the  botanical  appendix  of  Richard- 
son's Arctic  Expedition  in  Search  of  Sir  John  Franklin;  which 
also  gives  much  valuable  information  as  to  the  geographic  limits 
northward  of  many  of  our  plants. 

A  list  of  the  ferns  of  Minnesota,  collected  by  Miss  E.  W. 
Gathcart,  comprising  thirty  species  and  three  varieties,  was  publish- 
ed in  1877  in  the  Bulletins  of  the  Minnesota  Academy  of  Natural 
Sciences^  vol.  i,  pages  3<)3  and  304.  This  list  includes  two  especial- 
ly interesting  species,  the  very  rare  Phegopteris  calcarea,  F^e,  and 
Woodsia  scopulina,  Eaton,  which  here  reaches  its  eastern  limit. 

The  Report  of  the  Minnesota  Horticultural  Society  for  1884  con- 
tains, in  pages  88  to  116,  a  valuable  paper  by  Miss  Sara  Manning, 
on  "The  Wild  Flowers  of  the  Lake  Pepin  Valley",  including  a 
catalogue  of  504  species. 

In  the  same  report,  on  pages  361  to  367,  are ''Notes  on  the  Flora 
of  western  Dakota  and  eastern  Montana  adjacent  to  the  Northern 
Pacific  railroad,"  by  John  B.  Leiberg,  in  which  are  frequent  inci- 
dental references  to  Minnesota. 

In  the  annual  reports  of  the  present  Geological  and  Natural  Hist- 
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ory  Survey  of  Minnesota^  notices  of  the  botany  of  portions  of  the 
state  have  been  published  as  follows: — 

In  the  first  annual  report,  for  the  year  1872,  a  "List  of  Plants, 
mostly  herbaceous,  in  the  neighborhood  of  St.  Anthony,  Minne- 
sota; principally  found  on  the  University  Grounds.  1869 — 1872. 
By  Professor  E.  H.  Twining,"    This  includes  230  species. 

In  the  report  for  1873,  lists  of  the  trees  a&d  shrubs  of  the  Big 
Woods,  and  of  Big  Stone  lake,  by  Prof.  Winchell. 

In  the  report  tor  1874,  lists  of  the  trees  and  shrubs  of  Freeborn 
and  Mower  counties,  by  Prof.  Winchell. 

In  the  report  for  1875,  the  trees  and  shrubs  of  Fillmore  county, 
by  Prof.  Winchell;  and  of  Olmsted,  Dodge  and  Steele  counties,  by 
Prof.  M.  W.  Harrington. 

In  the  report  for  1876,  the  trees  and  shrubs  of  Houston  and 
Hennepin  counties,  by  Prof.  Winchell. 

In  the  report  for  1877,  the  trees  and  shrubs  of  Ramsey  county, 
by  Prof.  Winchell;  and  of  Rice  county,  by  Prof.  L.  B.  Sperry. 

In  the  report  for  1878,  pages  35  to  46,  "The  i^lants  of  the  North 
Shore  of  Lake  Superior.  By  B.  Jani/'  This  is  a  list,  with  numer- 
ous notes  of  localities  and  relative  abundance,  and  occasional 
descriptive  remarks,  of  218  species  collected  by  Mr.  Juni,  in  the 
summer  of  that  year,  in  connection  with  the  party  there  engaged 
in  geological  exploration;  with  58  additional  species,  collected  in 
the  vicinity  of  the  University,  at  Minneapolis,  including  25  species 
of  Garex,  while  23  others  of  this  genus  are  in  the  list  preceding. 

In  the  report  for  1879,  pages  138  to  149,  another  list  of  ''Plants 
of  the  North  Shore  of  Lake  Superior,  collected  by  T.  S.  Roberts", 
in  connection  with  the  geological  survey  in  that  year,  from  July 
26  to  Sept.  2;  including  220  species,  with  frequent  notes  of  locality, 
relative  abundance,  and  other  description;  100  of  these  species  being 
in  addition  to  Mr.  Junius  list. 

And,  in  the  report  for  1880,  pages  201  to  216,  lists  of  76  species 
of  forest  trees,  31  shrubs,  and  259  herbaceous  plants,  identified  by 
Mr.  0.  E.  Garrison  in  the  region  of  the  head-waters  of  the  Grow 
Wing  river,  the  White  Earth  reservation,  Itasca  lake,  and  the 
upper  Mississippi,  during  an  exploration  in  the  summer  of  that 
year  for  the  Forestry  Department  of  the  United  States  Census. 

Besides  these  publications,  very  important  contributions  of  notes 
and  specimens  have  been  received  from  botanists  throughout  the 
state.  Mr.  John  B.  Leiberg,  of  Mankato,  supplied  a  list  of  about 
750  species,  collected  in  1882,  mostly  in  Blue  Earth  county,  but 
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inclnding  also  a  considerable  number  from  the  soathwesfc  part  of 
the  state.  Many  specimens  collected  in  Blue  Earth  county,  and 
others  from  Dakota  and  Montana,  have  been  donated  by  Mr.  Lei- 
berg  to  the  State  Museum.  A  list  of  about  500  species,  observed 
chiefly  in  the  vicinity  of  Minneapolis  by  the  Young  Naturalists^ 
Club,  was  communicated  by  Mr.  Thomas  S.  Roberts,  by  whom 
nearly  all  these  species  were  determined,  others  being  by  Clarence 
L.  Herrick,  F.  S.  Oriswold,  and  R.  S.  Williams.  I  am  also  indebted 
to  Mr.  Roberts  for  much  further  assistance  in  the  preparation  of 
the'foUowing  catalogue.  Manuscript  lists,  to  which  references  are 
frequently  made  in  stating  the  geographic  range  of  species  or  local- 
ities of  rare  or  local  plants,  were  received  from  Mr.  Oeorge  B.  Aiton, 
of  Owatonna;  Miss  Franc  E.  Babbitt,  of  Little  Falls;  Miss  F.  S. 
Beane,  of  Faribault;  Mrs.  G.  H.  Bennett,  of  Pipestone  City;  Mrs. 
A.  C.  Blaisdell,  of  Saint  Cloud;  Mr.  and  Mrs.  C.  W.  Blake,  of  Can- 
non River  Falls;  Miss  Eloise  Butler,  of  Minneapolis;  Rev.  E.  V. 
Campbell,  of  Saint  Cloud;  Mrs.  M.  C.  Carter,  of  Hesper,  Iowa;  Miss 
E.  W.  Cathcart,  of  Washington,  D.  C;  Prof.  L.  W.  Chaney,  Jr., 
of  Northfield;  Mr.  R.  I.  Cratty,  of  Armstrong's  Grove,  Iowa;  Miss 
Phebe  A.  Field,  of  Stillwater;  Mr.  Lewis  Foote,  of  Worthington; 
Mr.  0.  E.  Garrison,  of  Saint  Cloud;  Prof.  C.  J.  Gedge,of  Moorhead; 
Mr.  H.  F.  Gibson,  of  Wabasha;  Mr,  W.  H.  Hatch,  of  Rock  Island, 
Illinois;  Dr.  Y.  Havard,  surgeon  at  Fort  Pembina,  Dakota;  Mr.  C. 
L.  Herrick,  of  Minneapolis;  Prof.  John  M.  Holzinger,  of  Winona; 
Mr.  B.  Juni,  of  New  IJlm;  Mr.  J.  C.  Eassube,  of  Minneapolis; 
Dr.  and  Mrs.  H.  C.  Leonard,  of  Fergus  Falls;  Miss  Sara  Manning, 
of  Lsrice  City^  Rev.  John  Pemberton,  of  Saint  Paul;  Mrs.  J.  W. 
Ray,  of  Lake  City;  Dr.  J.  H.  Sandberg,  of  Red  Wing;  Rev.  John 
Scott,  of  Emerson,  Manitoba;  Rev.  H.  M.  Simmons,  of  Min- 
neapolis; Mrs.  E.  H.  Terry,  of  Saint  Paul;  and  Prof.  N.  H,  Win- 
chell,  of  Minneapolis.  Many  observations  in  respect  to  the  relative 
abundance  and  geographic  range  of  species  have  been  also  noted 
by  the  writer  during  explorations  for  this  survey. 

Though  not  within  the  province  of  this  catalogue,  it  seems  desir- 
able to  mention  here  the  lists  of  775  species  of  Fungi,  by  Dr.  A.  E. 
Johnson,  of  Minneapolis,  in  ihe  Bulletins  of  the  Minnesota  Accdemy 
of  Natural  Sciences^  vol.  i.  These  were  nearly  all  collected  by  Dr. 
Johnson  within  the  limits  of  Hennepin,  Ramsey,  Wright  and  Anoka 
counties.  The' fifth  annual  report  of  this  survey,  for  the  year  1876, 
contains  the  same,  but  with  the  notes  somewhat  abbreviated,  to  the 
number  of  558  species,  the  extent  to  which  the  work  had  been  car- 
ried at  the  date  of  that  report.    Dr.  Johnson  has  also  given  much 
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attention  to  the  fttudy  of  the  fresli- water  algse,  determining  a  large 
number  of  s{>ecies. 

A.nother  saccessful  student  of  fresh- water  algae,  especially  of  the 
Desmids,  is  Miss  Eloise  Butler,  of  Minneapolis.  An  article  respect- 
ing these  microscopic  plants,  by  Mr.  Francis  WoUe,  in  the  Bulletin 
of  the  Torrey  Botanical  Club  for  February,  1883  (vol.  x,  pages  13  to 
21),  enumerates  eighteen  species  new  to  the  United  States,  collected 
by  Miss  Butler  in  the  vicinity  of  Minneapolis,  including  eight 
forms  (three  species  and  five  varieties)  new  to  science. 

Conditions  dbtbrmining  the  tJHABA.0TBR  of  the  Flora. 

In  considering  the  botany  of  any  district,  its  geographic  position, 
elevation  and  contour,  the  climate,  and  the  diverse  rocks  and  soils 
which  it  presents,  need  to  be  briefly  stated,  since  these  circumstan- 
ces control  the  development  of  the  flora. 

Minnesota  lies  in  the  middle  of  the  North  American  continent, 
almost' midway  between  the  Atlantic  and  Pacific  oceans  and  between 
the  gulf  of  Mexico  and  the  Arctic  ocean,  being  distant  a  thousand 
miles  or  more  from  each  of  these  grand  bodies  of  water.  The  extent 
of  the  state  from  south  to  north  is  380  miles,  and  its  average  width 
about  220  miles.  It  lies  between  43""  30'  and  49*"  north  latitude, 
and  between  90°  and  9T  west  longitude.  Its  area  is  84^86  square 
miles. 

The  topographic  features  of  Minnesota  may  be  briefly  summed 
up  for  its  western  three-quarters,  as  being  a  moderately  undulating, 
sometimes  nearly  flat,  but  occasionally  hilly  expanse,  gradually 
descending  from  the  Goteau  des  Prairies  and  from  the  Leaf  hills, 
respectively  about  2000  and  1700  feet  above  the  sea,  to  half  that 
hight,  or  from  1000  to  800  feet,  in  the  long  flat  basin  of  the  Red 
river  valley,  and  to  the  same  hight  along  the  valley  of  the  Missis- 
sippi from  Saint  Cloud  to  Minneapolis.  The  only  exceptions  to 
this  moderately  undulating  or  rolling  and  rarely  hilly  contour^  are 
the  southeast  part  of  the  state  where  the  Mississippi  river  and  its 
tributaries  are  enclosed  by  blufiGs  from  200  to  600  feet  high,  and  the 
northwest  shore  of  lake  Superior  and  the  part  of  the  sts^te  lying 
north  of  this  lake  and  east  of  Vermilion  lake.  A  very  bold  rocky 
highland  rises  400  to  800  feet  above  lake  Superior,  within  from 
one  to  five  miles  back  from  its  shore-line,  all  along  the  distance  of 
150  miles  from  Duluth  to  Pigeon  point,  the  most  eastern  extremity 
of  Minnesota;  while  farther  north  are  many  hill-ranges,  200  to  500 
feet  higher,  mostly  trending  from  northeast  to  southwest  or  from 
east  to  west. 
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Lake  Superior  is  602  feet  above  the  sea.  The  shore  of  this  lake 
is  the  lowest  land  in  Minnesota,  while  its  highest  land  is  the  Mesabi 
range,  which,  south  of  Vermilion  lake  and  eastward,  is  found  by 
Prof.  Winchell  to  exceed  2000  feet  above  searlevel.  Itasca  lake, 
the  head  of  the  Mississippi,  is  about  1500  feet  above  the  sea;  and 
this  river  at  the  southeast  corner  of  Minnesota,  620  feet.  Professor 
Winchell  estimates  the  average  elevation  of  the  entire  state  to  be 
approximately  1275  feet  above  the  sea. 

Climate  is  the  most  important  of  the  factors  by  which  a  flora  is 
modified,  and  this  depends  chiefly  on  geographic  position,  elevation 
and  contour,  if  a  sufiiciently  large  area  is  taken  into  account.  The 
warmest  days  of  summer  in  Minnesota  have  a  temperature  of  about 
90**  Fahrenheit,  but  such  days  are  rare;  and  the  greatest  cold  of 
winter  is  —  30°  or  sometimes  —  40°.  The  annual  precipitation  of 
moisture  as  rain  and  snow  is  from  25  to  30  inches.  It  is  distributed 
somewhat  equally  throughout  the  year;  damaging  droughts  or  ex- 
cessive rains  seldom  occur.  In  winter  the  snow  in  the  south  half 
of  the  state  is  commonly  about  a  foot  deep  during  two  or  three 
months;  but  farther  north  it  attains  an  average  depth  of  two  or 
three  feet. 

The  soil  throughout  the  greater  part  of  Minnesota  consists  of 
glacial  drift,  a  mixture  of  clay,  sand,  gravel  and  boulders,  clay  being 
the  principal  ingredient,  and  boulders  being  usually  infrequent. 
This  deposit  has  been  gathered  from  diverse  formations  of  granite 
and  gneiss,  sandstone,  limestone,  and  shales.  Enriched  at  the  sur- 
face by  the  decay  of  vegetation  through  centuries,  the  black  soil 
on  areas  of  the  glacial  drift  has  ordinarily  a  depth  of  one  or  two 
feet,  and  is  very  fertile.  Other  varieties  of  soil  are  found  in  tracts 
of  gravel  and  sand,  also  generally  quite  fertile,  which  in  many 
places  border  the  large  rivers  and  spread  widely  upon  the  region 
drained  by  the  St.  Croix  and  Crow  Wing  rivers  and  the  upper  Mis- 
sissippi; in  the  lower  alluvial  bottomlands,  which  are  mostly  over- 
flowed by  the  highest  water  of  spring;  on  the  cliffs  of  sandstone 
and  limestone  which  border  the  rivers  in  the  southeast  part  of  the 
state;  and  on  the  hills  of  granite  and  crystalline  schists  north  of 
lake  Superior.  Each  peculiarity  of  soil  affords  a  congenial  location 
for  plants  which  are  absent  or  can  not  thrive  elsewhere. 

Forest  and  Prairie. 

The  most  important  and  conspicuous  contrast  presented  by  the 
vegetation  covering  different  parts  of  Minnesota,  is  its  division  in 
forest  and  prairie.    Forest  covers  the  northeastern  two4hirds  of 
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the  state,  approximately;  while  aboat  one-third,  lying  at  the  south, 
and  southwest,  and  reaching  in  the  Bed  river  vdley  to  the  inter- 
national boundary,  as  also  the  part  of  this  valley  farther  north  to 
bike  Winnipeg,  is  prairie.  The  line  dividing  these  areas,  having 
an  almost  wholly  timbered  region  on  its  northeast  side,  and  a  re- 
gion on  its  southwest  side  that  is  chiefly  grassland,  without  trees 
or  shrubs,  excepting  in  narrow  belts  along  the  larger  streams  and 
occasional  groves  beside  lakes,  runs  as  follows.  Entering  the 
state  from  the  north  about  fifteen  miles  east  of  Emerson  and  St. 
Vincent,  it  extends  south-southeastward  to  Red  Lake  Falls,  thirty- 
six  miles  east  of  Qrand  Forks;  thence  southeast  and  ^south,  to  the 
east  end  of  Maple  lake;  thence  southwesterly  along  this  lake,  and 
from  it  south  to  the  Sand  Hill  river:  thence  southeasterly  to  the 
White  Earth  Agency;  thence  southerly,  by  Detroit  and  Pelican 
Rapids,  to  Fergus  Falls,  which  is  situated  half-way  from  the  north 
to  the  south  line  of  the  state;  thence  southeasterly,  in  a  less  direct 
and  regular  course,  through  Douglas,  Stearns,  Meeker,  McLeod  and 
Sibley  counties,  to  the  Minnesota  river,  and  along  that  stream  to 
Mankato  and  South  Bend;  thence  easterly  by  Janes ville,  Water- 
ville  and  Morristown,  to  Faribault;  thence  northerly,  turning  back- 
ward, to  Minneapolis  and  Anoka,  the  loop  thus  formed,  enclosing 
Wright,  Carver,  Scott,  Le  Sueur,  and  parts  of  adjacent  counties, 
being  the  boundary  of  the  area  well  known  as  the  Big  Woods; 
thence  easterly,  passing  through  Ramsey  and  Washington  counties 
to  Stillwater  and  Hudson,  where  it  enters  Wisconsin. 

The  Big  Woods  are  principally  made  up  of  the  following  species 
of  trees,  arranged  by  Prof.  Winchell  in  the  estimated  order  of  their 
abundance:  white  or  American  elm,  basswood,  sugar  maple,  black 
and  bur  oaks,  butternut,  slippery  or  red  elm,  soft  or  silver  maple, 
bittemut,  white  and  black  ash,  iron-wood,  wild  plum,  June-berry^ 
American  crab-apple,  common  poplar  or  aspen,  large-toothed  pop- 
lar, tamarack  (in  swamps),  box-elder,  black  cherry,  cottonwood 
(beside  rivers  and  lakes),  water  beech,  willows,  hackberry,  paper  or 
canoe  birch,  yellow  birch,  white  oak,  and  red  cedar.  Farther  north- 
ward white,  red  and  jack  pines,  black  and  white  spruce,  balsam  fir 
and  arbor-vitee  are  conspicuous  in  the  forest,  intermingled  with 
deciduous  trees.  Its  shrubs  include  prickly  ash,  smooth  sumach, 
frost  grape,  Virginian  creeper,  climbing  bitter-sweet,  red  and  black 
raspberries,  choke-berry,  prickly  and  smooth  gooseberries,  black 
currant,  and  species  of  cornel,  wolfberry,  honeysuckle,  elder,  vibur- 
num, and  hazel-nut. 


Digitized  by  VjOOQIC 


14  TWELFTH  AlOrUAL  ESPOBT. 

The  most  abundant  species  of  grass  found  upon  the  prairies  of 
southwestern  Minnesota,  are  as  follows:  beard-grass  (Andropogon 
furcatus,  Muhl.),  commonly  here  called  ^%lue-joint/^  Indian  grass 
(Chrjsopogon  nutans,  Benth.),  muskit-grass  (Bouteloua  racemosa, 
Lagasca),  and  porcupine  grass  (Stipa  spartea,  Trin.)>  common  on 
land  neither  very  dry  nor  very  moist;  another  species  of  beard-grass 
(Andropogon  scoparius,  Michx.),  and  a  second  muskit-grass  (Boute- 
loua hirsuta,  Lagasca),  common  on  dry  swells;  the  fresh- water 
cord-grass  (Spartina  cynosuroides,  Willd.),  in  slonghs,  making  the 
principal  mass  of  their  hay;  and  rice  cut-grass  (Leersia  oryzoides, 
Swartz),  with  the  last.  The  prairies  also  bear  a  great  variety  of 
flowers,  including  numerous  species  of  aster,  golden-rod,  sunflower, 
blazing-star  or  button  snakeroot,  and  prairie  clover,  and  the  rose, 
lily,  harebell,  phlox,  gerardia,  fringed  gentian,  and  many  others. 
Sometimes  the  view  across  miles  of  the  prairie  is  made  yellow  and 
purple  by  the  multitude  of  sunflowers,  blazing-stars,  and  gerardias. 

Limits  of  Species. 

Gradual  changes  in  the  flora  are  observable  in  crossing  the  con- 
tinent either  from  east  to  west  or  from  north  to  south.  Many 
species  disappear  as  the  traveler  advances,  while  others,  not  before 
present,  are  met  with.  A  large  majority  of  the  plants  in  the  Pacific 
states  are  not  found  east  of  the  Mississippi;  and  such  limitation 
prevails  almost  without  exceptions  between  the  arctic  and  tropical 
zones.  The  central  position  of  Minnesota  therefore  makes  this  a 
most  interesting  field  for  the  notation  of  the  limits  of  species. 

Among  our  forest  trees,  the  white  and  red  pine,  arbor-vitsd 
(^Vhite  cedar^'),  yellow  birch,  black  ash  and  sugar  maple  reach 
their  western  limit  at  the  east  side  of  the  Red  river  valley. 

No  tree  of  exclusively  western  range  extends  east  into  Minne- 
sota, and  the  only  shrubs  thus  noted  are  Elaaagnus  argentea  (silver- 
berry),  (Enothera  albicaulis  and  Amorpha  microphylla;  but  about 
fifty  herbaceous  plants  belonging  to  the  flora  of  the  western  plains 
and  the  Rocky  mountains,  and  not  yet  known  to  occur  east  of  the 
Mississippi  river,  are  found  within  our  limits.  These  include  spe- 
cies of  Ranunculus,  Aquilegia,  Yesicaria,  Linuni,  Astragalus,  Oxy- 
tropis,  Potentilla,  Gaura,  Peucedanum,  Gymopterus,  Gutierrezia, 
Aplopappus,  Grindelia,  Lepachys,  Helianthus,  Gaillardia,  Senecio, 
Troximon,  Plantago,  Pentstemon,  Orthocarpus,  Echinospermum, 
CoUomia,  Gentiana,  Asclepias,  Sueeda,  Comandra,  Euphorbia,  Alli- 
um, Garex,  Sporobolus,  Aristida,  Buchloe,  Elymus,  and  Beck- 
mannia. 
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A  group  of  species,  most  notably  represented  in  the  pine  and 
beatli  families,  including  our  three  pines,  black  spruce,  balsam  fir, 
tamarack  and  arbor-vitsd,  huckleberry,  blueberry,  cranberry,  snow- 
berry,  aromatic  wintergreen  or  checkerberry,  Labrador  tea,  and  the 
clintonia  and  dwarf  cornel,  extends  through  the  northeast  part  of 
the  state  to  limits  approximately  coinciding  with  the  Mississippi 
riverj  Red  lake  and  the  lake  of  the  Woods. 

The  northern  limits  of  yellow  birch,  bur  oak,  sugar  maple  and 
basswood  here  coincide  nearly  with  the  international  boundary. 
The  red  cedar,  cottonwood,  hornbeam,  white,  black  and  red  oaks, 
butternut,  bitter-nut  or  swamp  hickory,  hackberry,  box-elder,  frost 
grape  and  prickly  ash  reach  their  general  northern  limits  in  the 
north  half  of  this  state;  but  several  of  them,  like  many  herbaceous 
species  of  similar  range,  continue  somewhat  farther  northwestward 
into  Manitoba.  The  shell-bark  hickory,  black  walnut,  red  mul- 
berry and  Kentucky  coffee-tree  attain  their  most  northern  range 
in  the  south  half  of  the  state. 

The  accompanying  map  shows  the  portions  of  Minnesota  re- 
spectively  occupied  by  forest  and  prairie,  and  the  approximate  limits 
of  many  of  our  trees.* 

Introdtjobd  Plants. 

About  eight  per  cent,  of  the  plants  growing  without  cultivation 
in  this  state  are  introduced  species,  distinguished  in  the  catalogue 
by  being  printed  in  Italics.  Most  of  them  are  such  as  follow 
civilized  man,  and  grow  in  his  cultivated  fields  and  gardens,  in 
spite  of  all  efforts  to  banish  them.  Among  the  most  notable  in- 
troduced weeds  in  this  state  may  be  mentioned  mustard,  cow-herb 
and  cockle,  specially  troublesome  in  wheat-fields;  shepherd^s  purse, 
purslane,  mallow.  May-weed,  burdock,  mullein,  pigweeds,  tumble- 
weed,  black  bindweed,  curled  or  yellow  dock,  sheep  sorrel,  hemp, 
barnyard-grass,  and  foxtail  or  pigeon-grass,  frequently  too  plenti- 
ful in  cultivated  ground,  about  dwellings,  by  the  road-side,  or  on 
pasture-land.  The  ox-eye  daisy  or  white-weed,  Canada  thistle  and 
cheat  or  chess  are  sparingly  established,  and  may  become  very  com- 
mon bad  weeds  here,  as  farther  east.  It  should  be  added  that,  be- 
sides these  immigrants,  a  considerable  number  of  weeds  native  to 
this  country  are  also  common,  including  species  of  Lepidium,  Iva, 
Ambrosia,  Helianthus  and  Stachys.     Dp  to  the  present  time,  only 

*It8  method  of  delineation  Is  similar  to  that  of  Dr.  Robert  Bell's  map,  recently 
published  by  the  Geological  SarTey  of  Canada,  showing  the  general  northern  limits  of 
the  principal  forest  trees  oC  Canada. 
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about  half  as  many  naturalized  and  adventiye  species  are  known  in 
Minnesota  as  in  the  eastern  states,  the  difference  being  due  to  the' 
shorter  time  since  the  settlement  of  this  state  and  the  proportion- 
ately less  numerous  opportunities  for  them  to  gain  a  foot-hold  here. 

PaBLDCINABY  RjEQCABKS  OK  THB  GaTALOOUB. 

Under  each  species  is  a  statement  whether  it  is  abundant,  com- 
mon, frequent,  infrequent,  or  rare,  and  whether  its  geographic  range 
extends  throughout  the  state  or  to  limits  which  are  indicated  ap- 
proximately; or,  when  the  observations  are  insufficient  for  such 
statement,  the  localities  where  the  species  has  been  noted  are  men- 
tioned, with  the  names  of  the  observers. 

The  arrangement  of  families,  genera  and  species  strictly  follows 
the  fifth  edition  of  Gray's  MantMl;  and  wherever  a  synonym  replaces 
any  name  that  occurs  in  the  Manual^  the  latter  also  is  given,  en- 
closed by  marks  of  parenthesis.* 

The  popular  names  are  mostly  such  as  appear  in  Gray^s  Manual 
and  Wood's  Class-Book;  but  in  a  few  instances  other  names,  in 
general  use  in  this  state,  and  often  specially  significant,  are  inserted. 

Introduced  species  are  distinguished  from  the  indigenous,  as 
before  mentioned,  by  being  Italicized. 

For  the  species  of  our  flora  that  are  not  described  in  Gray's 
Manwdy  which  only  included  those  found  east  of  the  Mississippi, 
descriptions  are  quoted  from  other  authorities.f  The  present  work 
thus  supplies,  with  Gray's  Manual^  the  means  of  identifying  all  the 
flowering  plants  and  ferns  known  to  occur  in  Minnesota. 

Determinations  of  numerous  difficult  species,  and  notes  con- 
cerning them,  have  been  kindly  supplied  by  Prof.  Asa  Gray,  Mr, 
Sereno  Watson,  Mr.  William  Boott,  Dr.  George  Engelmann,  Mr. 
M.  S.  Bebb,  Rev.  T.  Morong,  and  other  specialists;  and  I  am  in- 
debted to  Dr.  George  Yasey  for  the  description  of  the  new  Aristida 
basiramea,  Engelmann,  posthumously  published, 

*Tbe  sooroes  of  improTed  oomeiiclatare  hATe  been  Watson's  BihliogratihicaX  Index 
to  North  American  Botany  (Part  I ;  Polypetalae :  1878) ;  Gray*s  Synoptteai  Flora  of 
North  America  (Vol.  II,  Part  I ;  Gamopetalso  after  Gompositse  :  1878) ;  various  papers 
by  Professor  Gray  m  tbe  Proceedings  of  the  American  Academy  of  Arte  and  Sciences; 
BaUey's  CaJUO/ogue  of  North  American  Caricee  ( 1884) ;  Vasey's  Grasses  of  the  Uniled 
States  (1883);  Eaton's  Ferns  of  North  America  ( 1880);  and  notes  in  tbe  American 
Natvrdlist^  tbe  Botanical  Oaaette,  and  tbe  BuUetIn  of  the  Torrey  BotanicajL  Club. 

tCbiefly  from  Watson's  report  on  tbe  Botany  of  King's  Exploration  of  the  Fortieth 
ParaXlel;  Porter  and  (Toulter's  Synopsis  of  the  Flora  of  Colarado ;  Botbrock's  report 
on  tbe  Botany  of  Wbeeler's  Surveys  west  of  the  One  Himdredth  Meridian  \  Torrey  and 
Gray's  Flora  of  North  America;  and  Gray's  Synoptical  Flora. 
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CATALOGUE. 


RANUNCULACE^.        Crowfoot  Family. 

CLEMATIS,  L.       ViRGiN's-BowaB. 

€•  vertidllaris.  DC.       Virjrin'd-Bower. 

Shady  rocks  at  the  head  of  lake  St.  Croix,  Parry;  St.  Croix  Falls,  Miss  Fitld;  lake 
PeplD,  Bii88  Manning;  Winona  County,  HoJalnger,      Kare. 

C,  Yirginiana,  L,       Common  Virf^inV  Bower. 

Common,  or  abundant,  southward ;  frequent  northward ;  at  Beaver  Bay  and  sum- 
mit of  Black  Point  mountain  north  of  lake  Superior,  Roberts. 

AXEMOXE,  L.       Anbhokb.    Wind-flowkr. 

A.  patens,  L.,  var.  Nuttalliana,  Gray.  Pasque-flower  (i.  e.  Easter- 
flower).  Pulsatilla.  **  Hartshorn- plant."  **  Headache- plant."  **  Gos- 
ling."   "Prairie  Smoke."    "Crocus." 

Abundant  in  all  the  prairie  portion  of  the  state.  Its  bruised  leaves  have  a  very 
pungent  smell.  This  earliest  flower  of  spring  has  received  an  unusual  variety  oC  pop- 
ular names. 

A.  decapetala,  L.    (A.  Caroliniana,  Walt)       Carolina  Anemone 

Frequent  In  the  south  part  of  the  state,  as  In  Hennepin.  Goodhue,  Blu'  Barth  and 
Pipestone  counties ;  extending  north  to  Saint  Cloudy  CampbeU,  Mrs.  Blaisdsll,  and 
Appleton,  Swift  county,  Miss  Elwell.      South. 

A«  parviflora,  Michx.       Small-flowered  Anemone. 

Minneapolis,  WincheU  .•^upper  Mississippi  river,  Garrison ;  Red  river  valley,  Gedge, 
North. 

A.  multlflda*  DC.       Many-cleft  Anemone     Bed  Wind-flower. 

Dayton's  bluff.  Saint  Paul,  and  between  Saint  Paul  and  Port  Suelllng.  Miss  Oath- 
cart;  lake  Superior  to  the  lake  of  the  Woods,  Macoun.       North. 

A.  cylindrica.  Gray.       Long-fniited  Anemone. 
Frequent  throughout  the  state. 

A.  Yirgriiiiana,  L.       Yirgrinian  Anemone. 
Common  throughout  the  state. 

A.  dichotoma,  L.    (A.  Pennsylvanica,  L.)       Pennsylvanian  Anemone. 
Common,  often  abundant,  throughout  the  state. 

A.  nemorosa*  L.        Wind-flower.    Wood  Anemone. 
Frequent,  or  common,  tbroughont  the  state. 
2F 
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A.  Hepatica,  L.    (Hepatica    triloba,    Chaiz.)       Liver-leaf.    Round-lobed 
Hepatica. 

Freqaent  soutbward,  eztending  north  at  least  to  Dalatb,  Miss  Catheartt  upper 
Mississippi  river,  Chsrriaon,  and  Fergus  Falls,  Leonard, 

A.  acutlloba,  Lawson.    (H.  acutiloba,  DO.)       Sharp-lobed  Hepatica. 
Commoo  southward,  extendlDR  north  to  Duluth,  Miss  CaUieart,  and  MiUe  Laes 

county,  UpTiam. 

THAIilCTRUM,  Tonm.       Mbadow-Rub, 

T.  anemonoides,  Michx.       Rue-Anemone. 

Often  common  southward,  extending  north  to  Stillwater,  Hiss  Field,  Anoka oounty, 
Jimi,  Steams  eounty,  Campbeil,  and  Fergus  Falls,  Leonard.  Flowers  nearly  always 
pnrplisb.  (Abundant  at  Marine  Mills,  Washington  eounty.  often  having  more  than 
one  row  of  sepals  and  occasionally  with  all  the  stamens  and  pistils  changed  to  sepals. 
Miss  Field,) 

T.  dioicum,  L.       Early  Meadow-Rue. 
Common,  or  frequent,  throughout  the  state. 

1>.  purpurascens,  L.       Purplish  Meadow-Rue. 

Common,  extending  north  at  least  to  Morrison  county,  Upham,  the  St.  Louis  river,. 
Mrs  .Herriek,  and  in  the  Bed  river  valley  to  Pembina,  Chickering.  (Specimens  collected 
by  Prof.Gedge  at  Glyndon,  Clay  county,  have  the  shining  upper  surface  of  the  very 
large  leaflets  waxy,  as  if  varnished,  but  the  lower  surface  minutely  pubescent  or 
glabrous,  not  waxy.) 

T.  Oomiiti,  L.       Tall  Meadow-Rae. 
Common,  or  freqaeat,  throughout  the  state. 

BAKUNCULUS,  L.       Crowfoot.    Buttbbcdp. 

B.  aqiiatilis,  L.,  var.  stai^natilis,  DC.  (R.  divaricata?,  Gray'8  Manual,} 
Stiff  Water-Crowfoot. 

Ponds  near  Mankato,  Leibera;  Minneapolis,  Aoberte.HerHcfc;  Steams  county,  (7p- 
ham;  Alexandria,  Mrs.  Terry,      Infrequent. 

B«  aquatills,  L  ,  var.  trichophyllus,  Cbaiz.       Common  White  Water- 
Crowfoot. 
Frequent  throughout  the  state. 

B.  niultifidus,  Pursh.       Yellow  Water- Crowfoot. 
Common  throughout  the  state. 

B.  ambigens,  Watson.  (R.  alismsefolitis,  in  Manual.)      Water  Plantain 
Spearwort. 
Stearns  county,  Campbell.      Infrequent.      North. 

B.  Flainmiila,  L.       ^mall  Spearwort. 
Minneapolis,  Rolferts.      Bare. 

B.  Flammula,  L.,  var.  reptans,  Meyer.        Creeping  Spearwort. 

Stillwater,  Leonard;  Minneapolis,  BoberU;  Anoka  county  and  New  Ulm,  JwU; 
lake  ol  the  Woods,  Daioson.      Frequent. 

B.  Cymbalaria,  Pursh.       Sea-side  Crowfoot. 

Common,  or  frequent,  throughout  the  state,  excepting  southeastward .  Grand  Por- 
tage, lake  Superior,  also  at  New  Ulm  (common),  Juni;  Little  Bock,  upper  Minnesota 
river,  Parry;  Nicollet  county,  Aiton;  Stearns  county,  and  the  Bed  river  valley  (com- 
mon), Upham;  Fergus  Falls,  LeoTiord;  Worthingtoo  (common),  Foots. 
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B.  affinis,  R.  Br.*       BoQ^h-fruited  Crowfoot. 
Lake  of  the  Woods,  Daumon.      Nortbwest. 

R.  affiniSy  R.  Br.,  var.  cardiophyllas,  Gray.f 
In  the  Bed  river  valley  at  Pemhina,  Chickering,       West. 

B.   rhomboideus,    Goldie.         Rhomboid-leaved  Crowfoot.    Dwarf  But- 
tercap. 
Frequent,  or  common,  throughout  the  state. 

R.  abortivus,  L.       Small-flowered  Crowfoot. 
Frequent,  or  common,  throughout  the  state. 

B.  abortivaSy  L.,  var.  micrantbus.  Gray. 

Minneapolis,  WineheU;  Pipestone  county,  Ura,  Bennett,      Infrequent. 

R.  sceleratus,  L.        Cursed  Crowfoot. 
Frequent,  or  common,  throughout  the  state. 

B.  recurvatus,  Poir.        Hooked  Crowfoot. 

Frequent  throughout  the  state ;  reaching  Its  northwestern  limit  at  the  lake  of  the 
Woods,    Mdomn, 

B.  Pennsylvanicas,  L.       Bristly  Crowfoot. 
Common  throughout  the  state. 

B.  fascicularis,  Muhl.       Early  Crowfoot. 

Frequent,  or  common,  throughout  the  south  half  of  the  state;  Infrequent  north- 
ward. 

R.  repens,  L.       Creepinpr  Crowfoot. 
Abundant  throughout  the  state. 

R.  repenSy  L.,  var.  bispidus,  Torr.  &  Gray.t    (R.  hispidas,  Michx.) 

Ked  river  valley  near  Saint  Vincent  (in  a  swamp),  Daw»m;  common  from  Manitoba 
westward,  Maeavn. 

R,  bulbosus,  L.        BuJbous  Crowfoot  or  Buttercups. 
Northfleld,  Chaney;  Minneapolis,  Mn.  Terry.       Bare. 

R.  aeris,  L.        Tall  Crowfoot  or  Buttercups. 

Infrequent,  but  noted  at  many  places,  as  Lake  City,  Faribault,  Northfleld,  Minne- 
apolis, Northern  Pacific  Junction,  Carlton  couoty,  and  on  the  upper  Mississippi  river. 
"Becoming  common  in  the  eastern  part  of  Manitoba,"  Ma^ioun. 

*Ranumculu8  affikis,  R.  Br.  Radical  leaves  petioled,  usually  pedately  multlfld ; 
cauline  ones  subsessile,  digitate,  with  broadly  linei^r  lobes ;  stem  erect,  few-flowered ; 
carpels  with  recurved  beaks,  in  oblong  cylindrical  heads ;  more  or  less  pubescent 
throughout,    ffatson's  JRep.  In  Kina*9  Expl.  of  the  Fortteth  Panaiel. 

tK.  AFFiNia,  R.  Br.,  var.  cABDiOPHrLLUS.  Gray.  Hlrsutely  pubescent,  radical  leaves 
round -cordate,  undivided  or  many-deft ;  cauline  ones  palmately  many -cleft ;  flower 
1  inch  in  diameter.   Porter  and  CouUer'a  Flora  of  Colorado. 

$RAiruKcuLUS  BBPBNs,  L..  var.  HispiDus,  Torr.  &  Gray.  Stem  erect,  m  to  2  feet 
high,  branching  and,  with  the  petioles,  very  pilose  with  spreading  hairs;  leaves  trlCol- 
iate ;  leaflets  distinctly  petlolulate,  oval,  acute,  lacintate ;  pedicels  with  the  pubescence 
appressed  ;  flowers  as  large  as  in  JR.  aeris;  calyx  appressed ;  carpels  smooth,  pointed 
with  a  very  short  style.    Torrey  and  Qray'e  Flora^of  N.  A.,  vol.  1,  pp.  22  and  658. 
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ISOPVBUM,  L.         ISOPTRUM. 

I.  bitercatum,  Torr.  &  Gray.       False  Ruis- Anemone. 

Frequent,  or  oommon,  tbrougbout  the  south  half  of  the  state ;  extending  north  at 
least  to  Fergus  Falls.  Leonard 

OALTHA,  L.       Mab8H  Marigold. 

O.  palustris,  L.        Marsh  Marififold.    "Cowslip/* 

Abundant,  or  eommon,  tbrougbout  most  •f  the  state ;  less  frequent  westward. 

COPTIS,  Salisb.       Goldthread. 

C  trifolia^  Salisb.       Three-leaved  Goldthread. 

Oommon  northward;  extending  south  to  Minneapolis,  Roberts,  and  Lake  City 
(rare),  Miss  Manning. 

* 

AQUILEGIA,  Toum.       Columbine. 

A.  Canadensis,  L.       Wild  Colambine.    "Honeysuckle/* 

Common,  or  frequent,  throughout  the  state. 

Found,  according  to  31  i«8  HabbiU,  with  white  flowers  during  several  years  In  the 
south  edge  of  the  village  of  Little  Fails,  Morrison  county,  not  associated  at  that  local- 
ity with  the  usual  type  ;  also  some  with  flowers  clear  white,  others  cream-colored,  and 
yet  others  of  the  ordinary  kind,  all  growing  together  west  of  the  Mississippi  river,  op- 
posite to  Little  Falls,  and  likewise  near  Fort  Rtpley,  in  the  same  county. 

A.  brevistyla,  Hook.*       Short-styled  Columbine. 
In  the  Red  river  valley  at  Pembioa,  Chickerino^       West. 

DELPHIN^IUM,  Toum.       LiRKSPUR. 

D,  exaltatum,  Ait.       Tall  Larkspur. 

Frequent  through  the  south  half  of  the  state :  extending  north  to  the  upper  Missis- 
sippi river.  Garrison,  and  Fergus  Falls,  Leonard. 

D.  tricome,  Michx.        Dwarf  Larkspur. 

St.  Paul,  Miss  Calhcart;  Pipestone  county,  Mrs.  Bennett,      Infrequent.      South. 

D.  azureum,  Michx.        Azure  Larkspur. 

Common  southward ;  extending  north  to  the  upper  Mississippi  river,  Oarrison,  and 
Manitoba,  Ma4:aun. 

D,  Cansolidat  L.        Field  Lirkspur. 

Rarely  ad  ventlve.   Minneapolis,  A.  W.Jones. 

HYDRASTIS,  L.       Oranqb-root. 

H.  Canadensis,  L.       Orange-root.    Yellow  Pacooon. 
steams  county,  Garriwm.      Rare.      Southeast. 

*Aquilvoia.  BBBVisrrLA,  Hook.  Stems  low,  6  to  8  inches  high,  spreading ;  leaves 
bl-t3riiate;  leafieti  3-lobed,  crenate,  6  to  9  lines  [twelfths  of  an  inch]  long,  crenatures 
ovate,  rotund ;  floweis small,  blue,  about  6  lines  long,  including  the  spur ;  sepals  oblong, 
ovate ;  petals  a  little  exceeding  the  stamens ;  spurs  hooked  at  the  tip ;  styles  shorter, 
included.   Porter  and  CovUer*s  Flora  of  Colorado, 
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ACT^A,  L.  BA.NBBSRRY. 

A.  spicata,  L  ,  var.  rubra,  Ait.        Red  Baneberry. 
Common  through  the  wooded  portions  of  the  state. 

A.  alba,  Blgelow.       White  Baneberry. 

Common,  with  same  extent  as  the  last  Berries  frequently  borne  on  slender,  xreen 
pedicels. 

NIGEIiLA,  L.       Fennbl-plowkr. 

JV.  Damascena,  L.*        Fennel-flower, 

Escaped  from  cultivation,  Mankato,  Leibera. 

MENISPERMACEJE.        Moonseed  Family. 

MEIN^ISPEBMUAI,  L.       Moonseed. 

M.  Canadense,  L.       Canadian  Moonseed. 

Frequent,  often  common,  southward ;  extending  north  to  Todd  county  and  the 
northwest  side  of  Mille  Lacs,  Upham;  also  in  the  Red  river  valley  near  Saint  Vincent, 
Dauwm,  Havard.  (Its  long,  slender,  bitter,  yellow  root  is  used  by  the  Sioux  as  a  medi- 
cine, being  called  P^xita  zizi;  and  from  this  came  the  name  Pejuta  zizi,  or  Yellow 
Medicine  river.     T.  M.  Young.) 

BERBERTDACEiE.        Barberry  Family. 

BEBBEBIS,  L.       Barberrt. 

B.  vulgaris^  L,        Common  Barberry, 
Spontaneous  in  old  fields,  Mankato,  Leiherg, 

CAUIiOPHYLLUM,  Michx.        Blub  Cohosh. 

C.  thalictroides,  Michx.       Blue  Cohosh,    Pappoose-root. 
Common,  or  frequent,  excepting  northeastward. 

PODOPHYLLUM,  L.       May-Applb.    Mandrake. 

P.  peltatum,  L.       May- Apple,    Mandrake. 

Common  southeastward,  extending  north  to  Goodhue  and  Rice  counties. 


NYMPH^ACEiE.        Water-Lily  Family. 

BBASENIA,  Scshreber.        Waier-Shibld. 

B.  peltata,  Pursh.       Water-Shield. 

Rainy  lake  and  lake  of  the  Woods,  Macoun\  Pleasant  lake,  near  Saint  Cloud, 

*NigeVUi  Damaacena,  L.  Flowers  bluish,  rather  large,  surrounded  and  overtopped  by 
a  finely  divided  leafy  involucre,  like  the  other  leaves ;  succeeded  by  a  smooth  inflated 
5-celled  pod,  In  which  the  lining  of  the  cells  separates  from  the  outer  part.  (jHray's 
Field,  Forest,  and  Garden  Botany. 
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CampbcU;  Benton  county,  Upham;  shallow  lakes  near  Bt  Croix  river,  Parry;  White 
Bear  lake,  Ramsey  county,  Simmoru;  Minneapolis,  HerrieJt;  Excelsior,  Mn.  Terry; 
Fergus  Falls,  Leonard,      Infrequent. 

:N^ELUJIIBIUM,  Jqss.       Nelumbo.    Sacred  Bean. 

N.  luteum,  Willd.        Yellow  Nelumbo.  Water  Chinqaapin.    "Rattle-box." 
Upper  Mississippi  river,  Houghton;  lake  Mlnnetonka  (oorth  end  of  Halsted's  bay), 
Roberts;  Mendota,  jlf  rs.  Terry;  Mississippi  river  at  Red  Wing.  Sandherg,  near  Dres- 
badi,  Winona  county,  Winehell,  and  at  La  Crosse,  Swezey.       Rare. 

N^YMPHuEA.,  Touni.       Water-Nymph.    Wateb-Lily. 

N.  odorata,  Ait.       Sweet-scented  Water-Lily. 

Plentiful  lu  lakes  along  the  International  boundary  northwest  of  lake  Superior, 
Winchell,  Abundant  throughout  Quebec  and  Ontario  and  extending  westward  to  the 
lake  of  the  Woods,  Macoun.  This  species  probably  occurs  also  In  central  and  southern 
Minnesota,  In  company  with  the  following.  Mr.  Leiberg  reports  the  examination  of  a 
great  number  of  Nymphsea  rootitalks,  none  of  them  bearing  tubers,  at  Lake  CrystaK 
Blue  Earth  county. 

K".  odorata,  Ait.,  var.  minor,  Sims.       Smaller  Sweet-scented  Water- Lily. 
Turtle  lake.  Otter  Tall  county  (flowers  only  one  and  a  half  Inches  broad),  H.  B. 
Ay  res.      Rare. 

N.  tuberosa,  Paine.       Tuber-bearing  White  Water-Lily. 

The  white  lilies  common  or  frequent  In  ponds  or  lakes  throughout  the  state,  except- 
ing near  Its  west  side,  which  have  been  called  Nymphaea  odorata,  are  believed  to  be- 
long Instead,  for  the  most  part,  to  this  species.  *'Flowers  large  and  delicately  beauti- 
ful, fragrant."  ( Wheeler  and  Smith.)  "  This  Is  really  the  water-lily  of  the  Great  lakem 
as  the  true  N.  odorata  seems  to  be  confined  to  the  northern  waters,  both  lakes  and 
rivers,"  (-Wacoun.) 

NUPHAB,  Smith.       Yellow  Pond-Lily.    Spattkr-Dock. 

N.  advena.  Ait.       Common  Yellow  Pond-Lily. 
Common  throughout  the  state. 

K".  luteum,  Smith.        Smaller  Yellow  Pond-Lily. 
In  small  lakes  east  ofjthe  lake  of  the  Woods,  Macoun. 

N.  pumilum,  Smith.     (N.  lateum,  Smith,  var.  pumilum,  Gray.)        Small 
Yellow  Pond-Lily. 
Plentiful  in  Duluth  harbor,  Roberta;   north  shore  of  lake  Superior,  Agassiz;  east 
shore  of  Rainy  lake  (rather  rare),  Macoun;  Morrison  county.  Mies  Babbitt, 


SARRACENIACEiE.        Pitcher-Plant  Family. 

SARRACENIA,  Toarn.       Sidk-i addle  Plowkr. 

S.  pari>urea,  L.        Pitcher-Plant.    Hantaman's  Cup. 

Common  northward,  extending  south  to  Minneapolis,  Rol>erts,    WincheU;  rare 
farther  southeast. 


c 
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PAPAVERACE^.        Poppy  Family. 

PAPAVEB,  L.       PoppT. 

P.  somniferuni,  L.       Common  Poppy.    Opium  Poppy. 
Adventive  in  old  gardens,  Mankato,  Leiberg. 

SANGUINABIA.,  DiU.       Blood-root. 

S.  C'anadensis,  L.       Blood-root. 

Common,  or  abundant,  throughout  most  ot  the  state ;  less  frdquent  westward,  as 
at  Fergus  Falls,  Leonard,  and  Pembina,  Hazard;  rare  north  of  lake  Superior,  ClarH. 


FUMARIACE.E.        Fumitoey  Family. 

DICENTRA,  Bork.       Dicentra. 

D.  CucuUariay  DC.        Datchman's  Breeches. 

Common  southward  ;  extending  north  at  least  to  Stillwater,  Anoka  and  Stearns 
conntles,  and  Fergus  Falls. 

D.  Canadensis,  DC.       Squirrel  Com. 

Saint  Paul,  Mias  Oathcart ;   Minneapolis,  Ttoining ;   Faribault,  Mis8  Beane ;    Blue 
Earth  county,  Leiberg.  , 

CORYDAIilS,  Vent.       Corydalis. 

C.  glauca,  Purdb.        Pale  Corydalis. 

Common  north  of  lake  Superior,  BoherU;  extending  south  to  Steams  and  Benton 
counties,  Upham,  and  to  the  falls  of  the  St.  Croix  river,  Parry,  Miss  Field, 

v.  flavula,  DC.       Yellow  Corydalis. 

Tiiomson,  Duluth  and  Taylor's  Falls,  MiM  Catheart;  upper  Mississippi  river,  Qar- 
riwm;  Red  river  valley,  Oedge;  Blue  Earth  couuty,  Upham. 

C.  aurea,  Willd.       Golden  Corydalis. 

Common,  or  frequent,  through  the  north  halt  of  the  state  ;  less  frequent  southward. 

€.  aurea,  Willd.,  var.  micrantha,  Engelm. 

Martin  county.  Minnesota,  and  Emmet  county,  Iowa  (rare),  CrdUy, 

FUMABIA,  L.       Fumitory. 

F.  offieinaliSf  L.        Common  Fumitory, 
Adventive,  Winona,  Holzinger. 


CRUCIFER^.        Mustard  Family. 

NASTURTIUM,  R.  Br.        Watbr-Crbss. 

N.  offltinale,  R.  Br.        True  Water-Cress. 

Stearns  county,  Mn.  Blai9dell;  New  Ulm,  Juni;  cold  springs,  Kasota,  Leiberg; 
Tuttle's  creek,  Minneapolis,  Kcb^mbe;  lalte  Pepin,  Mies  Manning.       Infrequent. 
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N.  siniiatum.  Nutt.       Water-CreRs. 

Upper  Mississippi  rlyer,  Qtarriaon;  New  Ulm,  Juni;  PipestoDe  county,  LeQierg; 
lower  HiDoesota  riyer,  Parry;  lake  Pepin.  Miea  Manning, 

N.  sessUifloranit  Nutt.       Water-Cress. 
Lapham,      Winona  oounty,  Holzinger.       South. 

N,  palustre,  DC.        Marsh  Cress. 

Common,  or  frequent,  throngbout  the  state. 

N.  paliistre,  DC,  var.  hispidum,  Fisch.  &  Mey. 

Redwood  Falls,  PemberUm.   Perhaps  the  preyailing  form  of  the  species  in  this  state. 

N.  lacustre,  Gray.       Lake  Cress. 
Lapham,      Southeast. 

N.  Artnoraeiat  Fries.        Horse-radish. 

Adyentiye,  Mankato,  Leiberg;  Northfleld,  Chancy. 

DENT  ARIA,  L.       TooTUjrronT.    Pepper-root. 

D.  diphylla,  Michz.       Two-leaved  Pepper-ro«»t. 

Freeborn  and  Blue  Earth  counties,  Upham;  lake  Superior,  Whitney,      East. 

I>.  laciuiata,  Muhl.       Toothwort. 

Frequent  southeastward :  extendlnfc  northwest  to  Saint  Paul,  Miss  Cathcart,  Mar- 
tin county,  Cratty^  and  Fergus  Falls,  Leonard. 

CARD  AMINE,  L.       Bitter  Cress. 

C.  rhomboidea,  DC.       Spring  Cress. 
Frequent,  dr  common,  throughout  the  state. 

C  pratensis,  L.       Cuckoo  Flower. 

Lake  Superior  to  the  sources  of  the  Mississippi,  Houghton.       North. 

C.  hirnuta,  L.        Small  Bitter  Cress. 

Common  through  the  north  half  of  the  state  ;  less  frequent  or  rare  southward. 
Glabrous  specimeus  are  sent  by  Mr.  Cratty  from  Bmmet  county,  Iowa.  "A  peculiar 
form  grows  on  the  height  of  land  west  of  lake  Superior,  which  seems  to  connect  the 
species  with  the  following  yariety,"  Maeoun. 

C.  hirsnta,  L.,  yar.  sylvatica,  Gray. 

Lake  Minuetonka,  Boberte,  Herrick;  Martin  county  (in  woods),  Oratfy,  determin- 
ed by  Watson, 

ARABIS,  L.        Rock  Cress. 

A.  lyrata,  L.       Bock  Cress. 

Common,  or  frequent,  through  the  north  half  of  the  state  ;  extending  thus  south  to 
Red  Wing  (common),  ;Sandbera,  and  Winona,  Holzinger;  wanting  southwest  ward. 

A.  dentata,  Torr.  &  Gray.        Rock  Cress. 

Woods.  Blae  Earth  county,  Leiberg;  Martin  county  (plentiful),  Cratty,      South. 

A.  hirsuta,  Scop.       Hairy  Rock  Cress. 
Frequent  throughout  the  state. 
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A.  IsevlgTftta,  Poir.       Smooth  Rock  Cress. 

Lake  Pepin,  Miss  Mannino;  Goodhue  eounty,  Sandberg;  Minneapolis.  Twining, 
Roberta;  Isanti  and  Sherburne  eountleii,  Upham;  Stearns  county,  QarrUion;  lake  Su- 
perior, Whitney, 

A.  Canadensis,  L.       Sickle-pod. 

Frequent  through  the  south  half  of  the  state  ;  extending  north  to  the  upper  Mls^ 
sl68lppl  rlTer,  Onrriaon, 

A.  perfoliata,  Lam.       Tower  Mustard. 

Poplar  rlTer,  lake  Superior,  Juni;  upper  Mississippi  river,  Oarriwn ;  Steams 
county,  CampbeU;  Blue  Barth  county,  Leiberg ;  lake  Pepin,  Mias  Manning, 

A.  Druinmonclii,  Gray.       Drammond's  Tower  Mustard. 
Frequent,  often  oommon,  throughout  the  state. 

THEIiYPODIUM,  Endl.       Rock  Cress. 

T.  piunatifidam,  Watson.  (Arabia  hesperidoides,  Gray).       Rock  Cress. 
North  field,  C/wney.      South. 

BABBABEA,  R.  Br.        Wirtjer  Crrss. 

B.  vulgraris,  R.  Br.,  var.  stricta,  Regr^I.        Winter  Cress.    Yellow  Rocket. 
Put  in  bay,  lake  Superior,  Juni;  upper  Mississippi  river,  Garrtson;  Minneapolis, 

Roberts,. 

EBYSIMUlkf ,  L.       Treaclb  Mustard. 

E.  cheiranthoides,  L.       Worm-seed  Mustard. 
Frequent,  or  common,  throughout  the  state. 

E.  asperum,  DC*       Prairie  Rocket.    Western  Wall-flower. 

Abundant  at  Walhalla,  Dakota,  thirty  miles  west  of  the  Hed  river,  Scotl;  "a  very 
prominent  object  on  dry,  gravelly  soil  throughout  the  prairie  region"  of  Manitoba, 
Af  ocoim,  and  ranging  thence  south  to  Mexico  ;  doubtless  extending  sparingly  into  the 
west  edge  of  Minnesota ;  also  found  by  Rev.  J,  Pemberton  at  Bed  wood  Falls,  and  by 
Dr.  Sandberg  on  the  limestone  bluff  of  Belle  creek  opposite  to  the  mill  in  Yasa,  Good- 
hue county,  occurring  (like  Vesicaria  Ludovidana  in  the  same  county)  far  east  from  its 
general  limit. 

E.  parvifloram,  Nuttt       Small-flowered  Prairie  Rocket. 

Bed  river  valley,  Dawson^  SeoU;  Minneapolis  (beside  railroad  a  mile  southeast 
from  the  university  :  determined  by  Mr.  Watson  as  this  species  ;  having  light  yellow 
"petals  but  half  longer  than  the  (3  to  4  lines  long)  sepals" ;  yet  much  branched  near  the 
base,  numerous  stems  of  nearly  equal  bight  (i  to  IH  feet)  being  thus  sent  up  from  a 
single  root;  leaves  narrowly  lanceolate,  mostly  entire ;  pods  about  m  Inches  long, 
beaked  with  a  stout  style,  erect  on  short  pedicels),  Upham,      West. 

*EBTBiiiaM  ASPKRUM,  DC.  Biennial,  canescent  with  short  appressed  hairs  :  stems 
solitary  and  simple,  rarely  branched  above,  i  to  3  feet  high,  or  less :  leaves  oblanceolate 
or  narrowly  spatulate ;  the  cauline  linear  to  linear-lanceolate,  entire  or  sparingly 
repand  with  short  acute  teeth,  l  to  a  inches  long :  sepals  narrow,  4  to  6  lines  long, 
strongly  gibbous  :  petals  8  to  12  lines  long,  light  yellow  to  deep  orange  or  purple  :  pods 
I  to  4  inches  long,  a  line  wide,  beaked  with  a  stout  style,  ascending  on  stout  spreading 
pedicels  3  lines  long.    Brewer  and  Watson'a  Botany  of  California, 

tSee  description  of  Ebvbihum  pabviflobum,  Nutt.,  on  next  page. 
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SISYMBRIUM,  L.       Hedge  Mustard. 

S.  officinale,  Scop.        Hedge  Mustard, 

A  common  or  frequent  weed  throuffh  the  soath  balf  of  the  state. 

8.  ThalianOf  Gray.       Mouse-ear  Cress. 
Minneapolis,  Wiruiliell^  Miss  Buthr.      Rare. 

S.  /Canescens,  Natt       Tansy  Maetar^. 
Frequent,  or  common,  throughout  the  state. 

8.  canescens.  Natt.,  van  brachycarpum.  Torn  &  Gray.* 
Red  river  valley,  Dawson.      North. 

BBASSICA,  Toam.        Mustard. 

B.  Sinapistruntj  Boiss.        Charlock.    Field  Mustard, 

A  common  or  frequent  weed  in  grain -fields  throughout  the  state  ;  so  trouhlesome 
In  the  Red  river  valley  and  southwestward  that  farmers  allowing  It  to  go  to  seed  are 
subjected  to  a  penalty  by  law. 

B.  albaj  Gray.        White  Mustard. 

Lake  City,  Jf  iss  Manning;  Goodhue  county,  Sandberg;  Blue  Earth  county,  Let- 
berg;  Steams  county.  Garrison.      Rare. 

B.  nigra^  Eoch.        Black  Mustard. 

A  common  or  frequent  weed  through  the  south  half  of  the  state. 

B.  campesiriSt  L.f        Kale. 

Common  in  fields  In  Manitoba  and  around  Winnipeg,  Maeoun;  doubtless  also  in 
the  Red  river  valley  in  this  state. 

DBABA,  L.       Whitlow-Grass. 

I>.  arabisans,  Michx.       Whitlow-Grass. 

North  shore  of  lake  Superior,  Juni.      Infrequent.      North. 

I>.  nemorosa,  L.,  van  hebecarpa,  Ldndb.  (D.  nemoralis,  Ehrh.) 
About  Rainy  lake,  Drummond  (Maeoun).      North. 

Erysimum  PABviFLOBUM,Nutt.  (E.  lanceolatum,  Hook.)  Ganescently  scabrous 
with  an  appressed  2-parted  pubescence :  stem  low  (about  a  foot  high)  and  nearly 
simple;  leaves  remarkably  narrow,  all  linear  or  somewhat  lanceolate,  almost  wholly 
entire,  densely  clustered  at  the  base  of  the  stem  ;  siliques  long,  erect ;  stigma  emargin- 
ate  :  flowers  small,  sulphur  yellow ;  claws  of  the  petals  longer  than  the  calyx.  Distin* 
guished  from  E.  cheirantholdes  by  Its  more  pubescent  leaves,  [longer]  siliques  and 
larger  flowers.    Torrey  and  Oray^s  Flora  of  N.A. 

^Sisymbrium  canescekb,  Nutt.,  van  bbachycabpum.  Torn  &  Gray.  Lobes  of  the 
leaves  somewhat  acute,  and,  with  the  stem,  furnished  with  minute  stipitate  glands  ;* 
petals  rather  longer  than  the  calyx  ;  siliques  scarcely  attenuate  at  the  base,  somewhat 
louger  than  the  pedicels.    Torrey  and  Oray'r  Flora  of  N  A. 

1;Bra>8Hca  campestrts^  L.  Aunual  weed  in  cultivated  fields  and  waste  places  ;  stem 
1%  to  s  feet  high,  with  a  few  scattered,  reversed  hairs  below  ;  leaves  somewhat  fleshy 
and  glaucous,  lower  lyrate-dentate,  subclllate,3to7  inches  long,  one-third  as  wide,  the 
upper  ones  smaller,  entire  with  rounded  clasping  lobes  at  base,  tapering  to  an  obtuse 
point ;  raceme  l  to  2  feet  long  ;  sepals  erect,  spreading ;  corolla  yellow,  4  to  5  lines  in 
diameter ;  siliques  1%  inches  long,  with  the  style  M  inch  ;  seeds  small,  dark  brown. 
Wood's  Class- Book. 
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D.  nemorosa,  L.,  var.  lelocarpa,  Lindb.*  (D.  latea,  Gilib.  [DC,]) 

Stearns  county,  Campbell;  near  Glyndon,  Oedge;  Pipestone  county,  Mrs.  Bmiiett. 
Kare.      North  and  west. 

D.  Caroliniana,  Walt.       Whitlow- Grass. 

Frequent  southward,  extending  north  to  Steams  county,  Mrs.  BlaisdelU  and  west 
to  Pipestone  county,  Mrs.  Bennett. 

D.  i;aroliniana,  Walt.,  var.  micrantha.  Gray. 

Common  in  Iowa,  drthur ;  doubtless  occurring  also  in  Minnesota. 

D.  \erna,  L.        Whitlow-Grass. 

Saint  Paul,  ikf  fet  Cathcart.      Bare.      South. 

ALYSSUM,  Tourn.       Alybsum. 

A.  calycinum,  L.        Alysaum, 

Minneapolis,  Juni,  Roberts;  Lake  City,  Miss  Manning;   Nicollet  county,  Alton. 
Infrequent 

VESICARIA,  Tourn.       Bladdkr-pod. 

V.  Ludoviciana,  DC.t       Bladder-pod. 

Red  river  Talley,  Scott,  determined  by  Watson ;  also,  Mississippi  river  bluffs,  Red 
Wing,  Sandberg,      West. 

CAMELINA,  Crantz.        Fame  Flax. 
C,  sativa,  Crantz.        False  Flax, 

Mloneapolis,  Juni;  along  railways,  Blue  Earth  county  (introduced  in  flax-seed),  Lei- 
berg;  Emmet  county,  Iowa  (rare),  C'rotty;  Pi ppstone  county,  dfrs.  Bennett;  Red  river 
valley,  Dawson.      Infrequent. 

SUBULABIA,  L.       Awlwobt. 

S.  aquatica,  L.        Awlwort. 

Found  In  about  three  feet  of  water,  on  saudy  bottom  In  Vermilion  bay,  on  Eagle 
lake,  Canadian  Pacific  railway,  Manitoba,  near  Rainy  lake;  abundant  both  in  flower 
and  fruit,  Sept  13. 1882,  Fletcher,  Maeoun,  This  rare  species  probably  also  occurs,  and 
should  be  looked  for,  in  northern  Minnesota. 

CAPSELIiA,  Vent        Shepherd's  Purse. 

C.  Bursa-pastariSt  Moench.        Shepherd's  Purse. 
A  very  abundant  weed  throughout  the  state. 

*DiiABA  kbhorosa,  L.,  var.  leiocarpa.  Lludb.  Pubescent;  stem  branching, 
leafy,  6  to  15  inches  high,  very  slender,  sometimes  branching  from  the  base  ;  pubescence 
simple  or  forked  ;  leaves  oval,  caullne  ones  lanceolate,  toothed  ;  flowers  very  small, 
yellow  ;  petals  about  twice  as  long  as  the  calyx ;  style  none  ;  sllicles  oblong-elliptical, 
rather  obtuse,  glabrous,  about  4  lines  long,  one-third  to  one-half  the  length  of  the 
slender  spreading  pedicels.    Porter  and  Coulter's  Flora  of  Colorado. 

tVESiCABiA  LuDOviciAKA,  DC.  Cauescont  with  a  stellate  pubescence  ;  stem  6  to  8 
Inches  high,  simple,  or  somewhat  branched  above  ;  radical  leaves  spatulate,  entire, 
obtuse,  cauline  linear :  flowers  golden  yellow;  petals  obovate  ;  style  slender,  longer 
than  the  ovary  and  nearly  as  long  as  the  obovat6,  globose,  hairy  silicle.  Porter  and 
Coulter's  Flora  of  Colorado. 
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THIiASPI,  Tourn.        Penhtcbess. 

T.  arvense,  L.        Field  Penny  cress.    MUhridate  Mustard. 

Lapham.  Pembina,  Havard,  "Abundant  on  the  Bed  river  near  the  older  set- 
tlements" [in  Manitoba];  "not  yet  common  as  far  south  as  the  forty-ninth  parallel,  but 
rapidly  spreadluK.    A  most  noxious  weed."  Dawson, 

LiEPIDIUM,  L.       Pepperwort.    Pepferorass. 

li.  Yirgrinicnm,  L.       Wild  Peppergrass. 

Common,  or  frequent,  throughout  the  state,  excepting  perhaps  northward. 

li.  iutermedium,  Gray.       Wild  Pepper^rrass. 

Abundant  (petals  usually  wanting)  throughout  the  state .  Both  species  are  native 
weeds. 

CAKIIiE,  Tourn.       Sea-Rocket. 

C.  AmericaDa,  Nutt.       American  Sea-Rocket. 

"Abundant  on  the  sandy  south  shore"  of  lake  Superior,  WhUney;  at  Thunder  bay, 
Macoun;  doubtless  also  on  the  shore  of  lake  Superior  in  Minnesota. 


CAPPARIDACEiE.        Caper  Family. 

POL.ANISIA,  Raf.       Polanmia. 

P.  grraveolens,  Raf.       Heavy-scented  Polanisia. 

Gommnn  through  the  south  half  of  the  state,  extending  north  atleastt  to  Douglas 
county,  Mrs.  Terry;  probably  also  in  the  Red  river,  valley,  (Two  varieties  are  com- 
mon at  Minneapolis,  one  bearing  yellowish,  and  the  other  pinkish  flowers.  Herriek.) 

CliEOME,  L.       Cleomb.    Spider  Flower. 

C,  integrrifoliay  Torr,  &  Gray.*        Cleome.    Spider  Flower. 

Mankato,  TJpham,  Ldherg .       An  immigrant  from  the  plains  west  of  Minnesota. 
Southwest. 


VIOLACEiE.        Violet  Family. 

VIOIiA,  L.       Violet. 
Y.  rotuudifolia,  Micbz.        Roond-leaved  Violet. 

North  of  lake  Superior  (common),  Roberts;  upper  Mississippi  river,  Oarris*m; 
extending  south  to  Minneapolis,  Qriswold,  and  Saint  Paul,  Miss  Cathcart 

*Clsome,  L.  Sepals  distinct  or  somewhat  united.  Stamens  6  or  rarely  4.  Torus 
minute.  Pod  linear  or  oblong,  subsessile  or  stlpitate.  Annual  herbs,  or  shrubs,  with 
digitate  or  simple  leaves  and  racemed  or  solitary  flowers.   BerUh,  dc  Hook. 

Glbomb  inteobifolia,  Torr.  &  Gray.  Annual,  somewhat  glaucous,  2  to  8  feet  high, 
widely  branching ;  leaves  3- follolate  ;  leaflets  lanceolate  (the  lowermost  oblong),  entire, 
submucronate  ;  racemes  sometimes  nearly  1  foot  long ;  flowers  large,  showy,  reddish 
purple,  rarely  white ;  sepals  united  to  the  middle,  persistent ;  segments  triangular- 
acuminate  ;  petals  with  very  short  claws ;  stamens  equal ;  pods  oblong-linear,  com- 
pressed, much  longer  than  the  stipe.   Porter  and  Coulter's  Flora  of  Colorado. 
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Y.  lanceolata,  L.       Lanoe-leaved  Violet. 
Near  Saint  Paul,  Mrs,  Terry.      Bare.      South. 

Y.  priinulaefolla*  L.       PrimroBe-leaved  Violet. 

Near  Saint  Paul,  Mrs.  Terry;  Pipestone  county,  Mrs.  Bennett.      Bare.      South. 

V.  blanda,  Willd.       Sweet  White  Violet. 
Frequent  throughout  the  state. 

V,  renifoliai  Gray.*       Kidney-leaved  Violeh 

Abundant  in  cedar  swamps  and  mossy  woods  from  northern  New  England  through 
Canada  and  Manitoba  to  British  Columbia,  Ma4:(mn;  doubtless  in  northern  Minnesota. 

Y.  8elkirkii,  Pursh.       Selkirk's  Violet.    Great-spurred  Violet. 
Upper  Mississippi  river.  QarrUon.      Bare.       North. 

Y.  cucullata,  Ait       Common  Blue  Violet. 
Common,  often  abundant,  throughout  the  state. 

Y.  cucullata,  Ait.,  var.  palmata,  Gray.       Hand-leaf  Violet. 

Lnke  Fep\n,  Mi»fi  Manning  I  Minneapolis,  HerrioT^,  Grfeioold;  Wortbington  (com- 
mon), Foote. 

Y.  cucullata,  Ait.,  var.  oordata,  Gray. 

Near  Minneapolis,  Mrs.  Terry;  Nicollet  county,  AiUm» 

Y.  safirittata,  Ait.       Arrow-leaved  Violet. 

Frequent  southeastward ;  extendiDg  north  to  Minneapolis,  Roberts,  Marine  Mills, 
WashiuKton  county,  Miss  Field,  and  Anoka  county,  Juni;  and  northwest  to  Pergus 
Falls,  Leonard. 

Y.  delphiuifolia,  Nutt.        Larkspur  Violet. 

Frequent,  often  common,  through  the  south  half  of  the  state  ;  extending  north  to 
Morrison  county,  Upham,  and  along  the  Bed  river  valley. 

Y.  pedata,  L.       Bird-foot  Violet. 

Abundant,  or  common,  through  the  south  half  of  the  state  and  in  thn  Bed  river 
valley. 

Y.  canina,  L.,  var.  sylvestris,  Kegel.       Dof?  Violet. 

Frequent,  but  not  common,  throughout  most  of  the  state ;  rare  southward. 

Y,  striata,  Ait.        Pale  Violet. 

Hennepin  county,  Merrick;  Alexandria,  Mrs.  Terry.      Infrequent. 

V.  Canadensis,  L.       Canada  Violet. 

Frequent  northward,  and  found  more  rarely  throughout  the  south  half  of  the  state; 
extending  southwest  to  Martin  county  (very  scarce),  Cratty,  and  Pipestone  county, 
M  rs.  Bennett .       Flowers  light  pink . 

Y.  pubescensy  Ait.        Downy  Yellow  Violet. 
Common,  or  frequent,  throughout  the  state. 

Y.  pubescens,  Ait.,  var.  eriocarpay  Nutt 

Frequent  In  the  vicinity  of  Hesper,  Iowa,  at  the  southern  boundary  of  Minnesota, 
adjacent  to  Houston  and  Fillmore  counties,  Mrs.  Carter. 

V.  tricolor^  L.        Pansy.    Heart'' 8  Ease. 
Barely  adventive,  Stearns  county,  Oarrison. 

*yiQiLk  R1EK170LIA,  Oray.  Bootstock  and  flowers  as  in  V.  bfanda,  or  somewhat 
larger ;  leaves  renlform  (when  fully  grown  usually  two  Inches  wide),  on  both  sides,  as 
also  the  petiole,  villous-pubescent ;  scape  pubescent  Gray  In  Proe.  Am.  Acad,  of  Arts 
and  Sciences,  1910. 
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CISTACEiE.        Rock-rose  Family. 

HEIilANTHEMUM,  Tourn.       Rock-rosb. 

H.  CauadeDse,  Micbx.       Froetr-weed. 

Common,  or  frequent,  throughout  the  state,  excepting  near  its  west  side  and  far 
northward ;  extending  north  to  the  upper  Mississippi  river,  Oarrfeon,  and  Fort  Fran- 
cis, Bainy  river,  M(Koun, 

HUDSONIA,  L.       HuDSONiA. 

H.  tomentosa,  Natt.       Downy  Hudsonia. 

Fifteen-mile  point,  Bainy  lake,  and  Hangry  Hall,  entrance  to  the  lake  of  the 
Woods,  Macoun;  Minnesota  point,  near  Duluth,  and  on  sand  dunes  in  Anoka  county, 
Roberts;  on  sand  hills  in  section  21,  Orrock,  Sherburne  county  (plentiful,  with  short- 
peduncled  flowers  and  narrow  leaves),  Upham;  near  Bockford,  Wright  county,  Hatch; 
barren  ridges  of  the  St.  Croix,  Parry;  Castle  Bock,  Dakota  county,  Oeyer;  White 
Bock,  Gk>odhue  county,  Sandberg;    lake  Pepin,  Afiss  Manning.      Local. 

L.£OH£A,  L.       PiNWBED. 

Li.  minor,  Walt.        Saiall  Pinweed. 

Sturgeon  lake  (near  the  international  boundary  east  of  Bainy  lake),  Macoun;  up- 
per  Mississippi,  Hotighton;  St.  Orolx  river,  Parry;  Steele  county,  Upham, 


DROSERACE^.        Sundew  Family. 

DBOSEBA,  L.       Sukdbw. 

I>.  rotundifolia,  L.       Round-leayed  Sundew. 

Common,  or  frequent,  northward  ;  extending  south  to  Minneapolis,  Roberts. 

D.  intermedia,  Drev.  and  Hayne,  var.  Americana,  DC.  ( D.  lonKifolia, 
in  ManuaL)       Long-leave^  Sundew. 

Similar  in  range  with  the  last,  but  less  frequent.  North  shore  of  lake  Superior  at 
Little  Marais,  Juni;  between  the  lake  of  the  Woods  and  Bed  river  (common),  Dawson; 
extending  south  to  sections  17  and  19,  Ham  Lake,  Anoka  county  (with  the  leaves  scat- 
tered along  the  stem  or  caudex),  Roberts, 

D.  linearis,  Goldie.       Slender  Sundew. 

Lake  Superior  to  Boseau  river.  Burgess,  Macoun;  extending  south  to  Hennepin 
eounty  (frequent),  Roberts. 


HYPERICACEiE.        St.  John's-wort  Family. 

HYPERICUM,  L.       St.  John's-wort. 

H.  pyramidatam.  Ait.       Great  St.  John's-wort. 

Bare  or  local  northward,  but  frequent  southward ;  extending  north  to  Todd  county, 
Uphamt  the  upper  Mississippi  and  Minnesota  rivers,  Parry,  and  northwest  to  the  plains 
of  the  Saskatchewan,  Bourgeau,  Macoun. 

[H.  Kalmlanum,  L.,  probably  occurs  on  the  north  shore  of  lake  Superior  in  this 

state.] 
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H,  prolificuin,  L.       Shrubby  St.  John's-worfc. 
Vasa,  Goodbue  coanty,  Sandberg,      Southeast. 

H.  ellipticuiUy  Hook.        St.  John's-wort. 

Lapham.       Upper  Mississippi  river,  Oarrison.    [Devirs  lake,  Dakota,  Oeyer.] 
Infrequent.      North. 

[H.  perforatum,  L.,  may  be  expected  as  a  weed  southeastward.] 

H.  corymbosum,  Muhl.       St.  John^s-wort. 

Xjapham,  Lake  Pepin,  Misa  Manning;  Hesper,  Iowa;  adjacent  to  the  south  line 
of  Houston  and  Fillmore  counties,  Mr$.  Carter.      Rare. 

H.  mutilum,  L.       Slender  St.  John's- wort. 

Throughout  the  state  :  common  northward,  less  frequent  southward. 

H.  mutilum,  L..  yar.  gymnanthum.  Gray. 
Minneapolis,  Roberts. 

H.  Canadense,  L.       Canadian  St.  John's-wort. 

St.  Croix  river,  Parry;  Stearns  county,  CampheU;  Sibley  county,  Leonard;  Martin 
county  (rare),  Cratty. 

H.  Canadense,  L..  var.  major,  Gray. 

Lake  Superior,  Bobbins,  and  In  Iowa,  Arthur;  doubtless  also  in  Minnesota. 

EliODfiS,  Adans.       Marsh  St.  John's-woet. 

E.  Vlrprinica,  Nutt.       Marsh  St.  John's-wort. 

Throughout  the  state  ;  common  northward,  frequent  southward. 

CARYOPHYLLACE.E.        Pink  Family. 

SAPONABIA,  L.       Soapwort. 

5.  officinalis,  L.        Common  Soapwort.    Bouncing  Bet. 

Blue  Earth  county,  Leiberg;  Lake  Oity,3fi8s  Manning;  Wabasha,  Gibson. 

S.  Vaccaria,  L.  ( Vaccaria  vulgaris,  Host,)        Cow- Herb. 

Seldom  plentiful,  but  reported  at  many  places  throughout  the  state.  Mr.  Leiberg 
writes  :  "This  is  becoming  a  common  weed  io  the  grain -fields  of  Blue  Earth  county, 
where  the  farmers  call  it  'cockle',  and  complain  very  much  of  it.  It  will  doubtless  be- 
come as  plentiful  as  the  true  cockle  {Lychnis  Oithago).  Most  of  the  seeds  are  Just 
small  enough  to  pass  through  a  wheat-screen,  and  they  can  thus  be  separated ;  but, 
as  the  largest  seeds  will  be  left  in  whenever  the  grain  iscleaned,  the  result  will  be  that 
in  time,  through  this  process  of  selection,  the  seeds  can  no  more  be  cleaned  out  of  the 
wheat  than  true  cockle." 

SILi!EN£,  L.       Gatchflt.    Gaiifioit. 

S.  stellata,  Ait.       Starry  Gampion. 

Gommou  through  the  south  part  of  the  state ;  extending  north  at  least  to  Minne- 
•  apolls,  HerrieH,  and  Redwood  Falls,  Miss  Butler. 

S.  uivea,  DO.       Campion. 

(Jpper  Mississippi  river.  Garrison;  Goodhne  county,  Sandberg;  Hesper,  Iowa,  ad- 
Joining  Houston  county,  Mrs.  Cartor.       Rare.      Southeast. 

S.  Yirsrinica,  L.       Fire  Pink.    Gatchfly. 
Nicollet  county,  L«iber(7.      Bare.      Southeast. 
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S.  aotirrhioay  L.       Sleepy  Gatchflj. 
Frequent,  or  oommon,  tbroagbout  the  state. 

S.  noctiftora,  L.        Night-flowering  Catchfly. 
Frequent  throughout  the  state. 

liYCHNISy  Toam.       Ltohnis.    Cocklb. 

L,  vespertina,  Sibth.        Evening  Lychnis, 
Minneapolis,  Juni,  Ka99uht^  MouUon.      Bare. 

L.  GithagOf  Jjam.        Cam  Cockle, 

A  common  weed  in  wheat-fields  throughout  the  state . 

AREXABIA,  L.       Sandwort. 

A.  8e%yyll%folia^  L.        Thyme-leaved  Sandwort, 
Northfield,  Chaney.      Rare. 

A.  Michauxiiy  Hook.    (A.  stricta,  Micbz.)       Stricfc  Sandwort. 

Rooting  on  detached  roclcs,  head  of  lake  St.  Croix,  Parry;  lake  of  the  Woods, 
Macoun.       Rare. 

A.  lateriflora,  L.       Showy  Sandwort. 
Frequent  throughout  the  state. 

STEJLLARIA,  L.       Chickwbkd.    Starwort. 

S,  media,  Smith.        Common  Chichweed, 
Frequent  throughout  the  state. 

S.  longrifolia,  Mahl.       Lons-leaved  Stitchwort. 
Common  throughout  the  state. 

S.  longipes,  (roldie.        LoD^-stalked  Stitchwort. 

Minneapolis,  QrUvoold^  Kaaaube;  Anoka  county  and  Daluth,  Juni,    [Devil's  lake, 
Dakota.  Geyer,]      North. 

S.  crassifolia,  Ebrh.       Starwort 

Cannon  Falls,  Goodhue  county.  Blake,  Sandberg;  Minneapolis  (plentiful  in  ditches 
in  swamps),  Ao2>erte,  Upham;  and  northward. 

S.  borealis,  Bigelow.        Northern  Stitchwort.    Starwort. 

Common,  or  frequent.  In  the  north  half  of  the  state.   [The  var.  alpestris.  Gray,  has 
been  found  on  the  north  side  of  lake  Superior,  at  Pie  island,  by  Macoun.] 

CEBASTIUM,  L.       Mousb-bar  Chickwbed. 

C.  viaeoaum,  L.  (C.  vulgatum,  L.,  in  Manual,)       Mouse-ear  Chickweed, 
Winona  county,  Holzinger ;  lake  Pepin,  Mia$  Manniiig,  [Lake  Superior,  WhUnty.^ 
Infrequent. 

C,  vulgatum,  L.  (C.  viseosum,  L.,  in  Manual)       Large  Mouse-ear  Chiehweed, 
Common,  or  frequent,  throughout  the  state,  excepting  perhaps  westward. 

C.  nutans*  Raf.       Nodding  Mouse-ear  Chickweed. 

Frequent,  or  common,  throughout  the  state,  excepting  sauthwestward. 

C.  oblongifolium,  Torr.       Mouse-ear  Chickweed. 

Winona  county,  Holztnger;  Fergus  Falls,  Leonard,      Bare.      Soatheast 
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C.  arveuse,  Ji.       Field  Chick  weed. 

Frequent,  or  common,  through  the  north  half  of  the  state  and  south  west  ward  ;  rare 
southeastward. 

SAGINA,  L.        Pbarlwort. 

S.  nodosa,  E.  Meyer.       Pearlwort- 

North  shore  of  lake  Superior,  doubtless  in  Minnesota ;  Isle  Royale,  Whiimy;  island 
of  St.  Tgnace,  Macoun, 

PARONYCHIE^.        Whitlow-wort  Family. 

ANYCHIA,  Michx.       Whitlow- wort.    Nailwort. 

A.  dichotoma,  Michx.       Forked  Cbickweed.    Whitlow- wort. 
Lapham.       Infrequent. 

FICOIDE^.       Ice  Plant  Family. 

MOtiLiUGO,  L.        Indian-Chickwebd. 

M.  verticillata,  L.    Carpet-weed. 

Common,  or  frequent,  southward.  Exposed  rocks  and  sandy  fields/  SL  Croix  river, 
Parry;  abundant  in  Hennepin  county  on  sandy  river-banks,  appearing  indigenous, 
Roberta. 

PORTULACACE.*].        Purslane  Family. 

PORTULACA,  Toum.       Purslane. 

P.  oleraeea.  L.        Comtnon  Purslane,     **Pu8ley/^ 
A  very  common  garden  weed. 

P.  retusa,  Engelm.*       Western  Parslane. 

Upper  Minnesota  river,  Parry-  Yellow  Medici&e  county,  Vpham'^  upper  Missis- 
sippi river,  Chjrrtaon,  (Surely  indigenous ;  yet  possibly  to  be  referred  to  the  foregoing 
species.)      West. 

TAIilNUM,  Adans.       Talikom. 

T.  teretifolium,  Pursh.       Talinum. 

Bare,  occurring  only  on  ledges  of  rock  (trap,  syenite,  granite  and  quartzite);  absent 
far  northward.  Taylor's  Falls  (of  St.  Croix  river).  HauohUm,  Jftai  Field;  Duluth,  Miss 
Calhcart;  Watab,  Benton  county,  and  at  numerous  places  in  Steams  and  Morrison 
eountles,  Upham;  upper  Minnesota  river,  Parry;  Redwood  Falls,  Iftss  Bugler;  "plen- 
tiful on  most  of  the  ledges  in  Rock  and  Pipestone  counties  (a  handsome  little  plant, 
extremely  easy  of  cultivation),"  Leihrrg, 

^POBTULACA  BETU8A,  Eiigelm.  Like  P.  okrocea,  L.,  but  greener,  and  the  stem 
more  ascending,  sometimes  covering  a  space  several  feet  in  diameter ;  leaves  usually 
smaller  than  the  common  species;  sepals  obtuse,  broadly  carlnate- winged;  petals 
yellow ;  stigmas  3  or  4 ;  capsule  2>4  to  3  lines  long,  broader  in  proportion  ;  seeds  more 
strongly  tuberculate  than  in  P.  oleroceo.    Brevcer  and  WaUon^$  Botany  of  California- 

3F 
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CLAYTONIA,  L.       Spring- Beauty. 

C  ViPginlca,  L.        Narrow-leaved  Spnni;-Beauty. 

Throughout  the  state,  but  rare  in  most  portions ;  frequent,  or  common,  southeast- 
ward. 

C  Caroliiiiana,  Michx.       Wide-leaved  Sprinj?- Beauty. 
Lake  City,  Mrs.  Ray.      Southeast. 

MALVAOEiG.        Mallow  Family. 

MALTA,  L,       Mallow. 

if.  rotundffolia,  L.        Common  Mallow, 

Common  southward,  and  as  far  north  as  Morrison  and  Todd  counties,  Upham;   but 
not  yet  common  westward. 

M,  sylvesttris,  L.        High  Mallow. 

Fort  Francis,  Rainy  river,  Macoun;  Minneapolis.  Herriek;  Goodhue  county,  Sand- 
berg;  lake  Pepin,  Miss  Manning;  Blue  Earth  county,  Leiberg. 

M,  erispa,  L.        Curled  Mallow. 

Adventlve,  Lake  City,  Miss  Manning. 

CALLIRRHOE,  Nutt.       CALLmcHOE. 

C.  trianerulata.  Gray,       Callirrhoe. 
Lapham.      South. 

NAP^EA,  Clayt.       Gladb  Mallow. 

X.  dioica,  L.       Glade  Mallow. 

Lapham.      Vasa,  Goodhue  countr,  Sandherg.      Rare.      Southeast. 

MALVASTRUM,  Gray.       False  Malt/>w. 

M.  coccineum.  Gray.       Prairie  Mallow. 

Minnesota,  Oray*s  Manual.    West.   Its  eastern  limit  scarcely  reaches  into  this  state. 

ABUTILON,  Tourn.       Indian  Mallow. 

A.  Ar\cenna?i  Gsertn.         Velvet- Leaf. 

Anoka,  HeAneplu,  Ramsey,  Wabasha  and  Blu^Earth  counties.      Infrequent. 

HIBISCUS,  L.       Rose-Mallow. 

H.  militaris,  Cav.        Halberd- leaved  Rose- Mallow. 

Banks  of  the  Mississippi  river  between  Saint  Paul  and  Mendota  (abundant),  Mrs. 
Teiry.       South, 

JI.  TrionumtL.        Bladder  Ketmia.        Flower  of  an  Hour. 

Adventive,  Minneapolis,  Ka»s\ihe,  Upham;  Goodhue  comity,  Sandberg ;  MarCln 
county,  Gedge.    [This  "has  become  abundant  in  many  parts*'  of  Nebraska,  Aughey.] 
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TILIACE^.        Linden  Family. 

TIIilA,  L.        Linden.    Basswood. 

T.'  Americana,  L.      Das8wo3cl.   Bass.  Linden.   Lime  Tree.   White  wood. 

Very  abundant  In  the  BIk  Woods,  and  generally  common  tlirouKhout  the  state  ;  not 
found  near  the  Minnesota  shore  of  lake  Superior,  but  frequent  north  of  this  lake,  on 
H  maple  ridges  400  feet  and  more  above  it,  attaining  a  bight  of  70  feet  and  diameter  of  20 
inches,  Clark  ;  also,  not  found  in  Rock  county,  but  very  plentiful  at  Bear  lakes  in  Mur- 
ray county,  Cpham ;  extending  north  to  Basswood  lake  on  the  international  boundary. 
Winchell, 

;  The  northern  limit  of  this  f^pecies  is  found  Just  south  of  Thunder  bay,  from  which 
ii  nearly  follows  the  international  boundary  to  tlie  lake  of  the  Wood^.  It  extends 
farther  north  In  Manitoba,  nearly  to  lake  Winnipeg,  and  northwest  to  Fort  Uiltce. 
Dr.  liobcH  BeU.] 

(The  leaves  of  this  and  many  other  species  of  trees.  In  their  first  few  years  of  growth 
.  from  the  seed,  are  often  remarkably  large.  The  following  measurements  were  made 
in  Todd  county,  September  16th  :  leaf  of  basswood,  blade,  H%  inches  long  and  12  inches 
wide,  borne  on  a  petiole  3  inches  long  ;  of  large-toothed  anpen,  blade,  10  by  7^,  and  peti- 
ole, 4  inches ;  of  balsam  poplar,  blade,  11  by  7,  and  petiole,  2  inches ;  and  of  elm,  blade, 
9  by  6  inches,  with  petiole  only  a  half  inch  long.) 

"  Basswood  lumber  U  much  used  in  cabinet  work  for  boxes,  shelves,  etc.,  whenever 
a  wood  is  desired  which  Is  soft  and  easily  worked,  and.  at  the  same  time,  tou^h  and 
not  liable  to  uplit."  It  decays  more  quickly  than  most  kinds  of  lumber,  when  exposed 
to  the  weather,  unless  it  is  thoroughly  painted ;  but  Is  suBloiently  durable,  if  kopt  dry. 

LINACEiE.        Flax  Family. 

LIKUM,  L.        Flax. 

Ii.  perenne,  L  *       Wild  Fl.\x,    Prairie  Flax. 

At  Pembina,  and  thence  westward,  Chiekering;   Steams  county,  Jfrs.  BlaUdeU. 
West. 

Ii  sulcatum,  Riddell.       Wild  Flax. 

Common  from  Minneapolis,  Roberts,  southward,  and  westward  to  the  Red  river 
valley,  Upham;  Pipestone  quarry.  Mm.  Bennett. 

Li.  rigidum,  Parati.t       Wild  Flax. 

From  Winona  county,  Winchelh  Minneapolis,  TK7inin(7,  and  Anoka  county,  Juni, 
westward  to  Pipestone  county,  Leiberg,  and  the  Red  river  valley  (common  in  Clay 
count) ),  Upham,      South  and  west. 

*  LiNUM  PBRENNX.  L.  Perennial,  glabrous;  leaves  scattered,  linear,  acute;  flowers 
nearly  opposite  the  leaves  and  terminal;  peduncles  becoming  elongated  and  nodding 
In  fruit ;  sepals  oval  with  membranous  margins,  shorter  than  the  globose  capsule  ; 
p«^tals  free.  blue,  retnse,  3  to  4  times  exceeding  the  calyx  ;  styles  5;  capsul«^  A-reiled, 
wUh  bearded  dissepiments.  Stems  M  to 3  feet  high  :  flowers  Urge.  May  to  September. 
Watson's  Rep.  in  King's  Expl,  of  ttie  ForUeth  ParaUek 

tLTNOH  BioiDUM ,  Pursh.  Dwarf ;  glaucous ;  styles  united  almost  to  the  top. 
Oray's  JfanuaZ.— Stems  6  to  15  Indies  high,  angled,  much  branched  ;  brancheH  strict, 
ascending;  leaves  alternate,  linear,  puns^ently  acute,  rigid,  with  scabrous  inarKlns ; 
flowers  panlcled  or  corymbose  ;  pedicels  thickened  at  iht«  end,  and  f«irnilni£  an  ^-xierior 
cup-shaped  calyculus  ;  sepals  ovaie-lanceolaie, cuspidate,  strongl>  8-noived,  glao  ular 
splnulose-scahrous  on  the  margins,  longer  than  the  globose  cuiHUle  ;  petals  sulphur- 
yellow  .    Porttr  and  Coulter's  Flora  of  Colorado. 
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L.  usitatissimum,  L.        CotnmoH  Flax. 

Sometimes  adventive  in  fields  :  Minneapolis  ;  Blue  Earth  county ;  Redwood  Falls  ; 
Luverne. 

GERANIACE^E.        Geranium  Family. 

GEKANIUM.  L.        Cranesbill.  1 

G.  maculatum,  L.       Wild  Cranesbili. 

Common,  often  abundant,  through  the  south  half  of  the  state  ;  extending  northwest 
to  Clay  county,  Oedge,  the  upper  Mississippi  river.  Garrison,  and  the  mouth  of  Rainy 
river,  Mciamn. 

G.  Caroliniauiini,  L.       Carolina  Craneubill. 

Common,  or  frequent,  throughout  the  state;  most  plentiful  northward. 

G.  Bobertianuui,  L.       Herb  Robert. 

Falls  of  the  St.  Croix,  Parry^  Fergus  Falls,  Letmard;  extending  west  to  the  lake  of 
the  Woods,  Maeoun,      North. 

!EB0D1UM,  L'Hen       Storksbill.    Heron 's-bill. 

E   cicutarium,  L'Her.        StorksbUl.        Heron' s-bill. 

Minneapolis,  JunU  Kassttbe,  BoherU,  Rare.  An  abundant  weed  in  the  Pacifie 
states  and  in  some  districts  eastward. 

IMPATIENS,  L.       Bai^am.    Jewel- weed.    Touch-me-not. 

I.  pallida,  Nutt.       Pale  Touch-me-not. 

Throaghout  the  stale  ;  in  mauy  portions  Infrequent  or  rare  ;  common  at  New  Ulm^ 
Junit  and  in  Blue  Earth  county,  Leiberu;  abundant  in  Martin  county,  Cratty,  and  on 
the  south  shore  of  Red  lake.  Miss  BabhUt. 

I.  fulva,  Nutt.       Spotted  Toach-me-uot. 

Common  throughout  the  state.  ("At  Beaver  Bay  a  spotless  variety,  with  less  re- 
fleeted  spur,  was  common  and  grew  intermingled  with  the  ordinary  form,  without  show- 
ing any  signs  of  intergradation."  RoJjerts.) 

OXALiIS,  L.  WoOD-SORREL.      OXALIS 

O.  Acetosella,  L.       Common  Wood-Sorrel. 

Common  uorth  of  lake  Superior,  Roberta;  lake  of  the  Woods,  Maroim;  extending!: 
northwest  to  the  Saskatchewan,  Richardson.       North.  '  " 

O.  Tiolacea,  L.        Violet  Wood-Sorrel. 

Common  through  the  south  half  of  the  state  to  Pipestone  eounty,  Mrs.  BenMttx 
extending  uorth  to  the  upper  Mlssisippi  river,  Oarrison^  and  In  the  Red  river  valley  at 
1  east  to  Clay  county,  Qedge.  (Herrich  reports,  besides  the  type,  a  variety  that  bears 
white  flowers,  occurring  quite  frequently  in  the  vicinity  of  Castle  Rock,  Dakota  county  ; 
and  Miss  BahhiU  finds  the  same  at  Little  Falls.  Succulent  flower-bearing  scapes,  not 
accompanied  by  leaves,  are  occasionally  seen  in  September  ( f/ph^im].  "The  usual 
occurrence  of  a  white,  carrot-shaped  root  beneath  the  ordinary  scaly  bulb*'  ol  this 
species  is  noticed  by  Roberts,  in  the  American  Naturalist  for  August,  1879.  See  also 
Am.  Nat,  vol.  xvi,  pp.  13-19.) 

O.  cornienlata,  L.,  var.  stricta,  Sav.  (0.  stiicta,  L.)        Yellow  Wood- Sor- 
rel.   Ladies'  Sorrel. 
Common  throughout  the  state. 
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RUTACE.«.        Rue  Family. 

XANTHOXYLUM,  Golden.       Pricklv  Ash. 

X.  Anierieanum,  Mill.        Northern  Prickly  Ash.    Toothache-txee. 

Very  abundant  southward;  extending  north  to  Pine, Aitkin.  Cass  and  PoU  counties. 

PTELEA,  L.       Shrubby  Trefoil.    Hop-tree. 

P.  trifoliata,  L.        Shrubby  Trefoil.    Hop-tree.    Wafer  Ash. 
L'lpham.      Southeast. 

ANACARDIACEi*].        Cashew  Family. 

RHUS.  L.       Sumach. 

K.  typhina,  L.       Stag^hom  Sumach. 

Limited  to  the  east  side  of  the  state  and  the  region  from  the  upper  Mississippi  river 
northeastward,  as  follows  :  in  Houston  and  Fillmore  counties,  rare  ;  in  Winona  county 
the  most  frequent  species  on  the  blnils  of  the  Mississippi  C*at  Winona  samples  were 
seen  eight  inches  In  diameter",  WincheU),  but  rare  farther  west ;  common  in  Ramsey 
and  Hennepm  counties,  extending  west  into  the  Big  Woods,  and  to  Martin  county, 
CrcUty:  rare  In  Benton  county ;  common  in  Pine  county  and  westward  to  MlUe  Lacs, 
Little  Falb  and  lake  Al^xauder,  Morrison  county  ;  at  Fish-hook  lake  in  southwestern 
Cass  county.  Oarrimn;  and  occasional  n^^trtheastward,  being  reported  by  Clnrh  at  Sandy 
lake.  Fonddu  Lac,  Grand  Portage  and  Pigeon  river. 

JR.  srlal>ra.  L.     Smooth  Sumach. 

Common  throughout  the  state,  excepting:  north  of  lake  Suparior,  where  it  is  rare. 

R.  eopalliiia,  L.        Dwarf  Sumach. 

Houston  countv,  near  La  Crescent,  also  In  Winona  county,  WinclieU  ;  lake  Pepin. 
JffM  Manninu;  Goodhue  county,  Sandfferg;  Saint  Paul,  Miss  CcUhcart;  Blue  Earth 
county,  Ijeibero;  Wortliington,  Foots;  Pipestone  county,  Mrs.  BennetU    Rare.   South. 

R.  venenata.  DC.       Poison  Sumach.    Poison  Dogwood. 

Observed,  like  the- preceding,  in  Houston  county,  near  i<a  Crescent,  and  in  Winona 
county,  by  Prof.  Wineftell;  Hennepin  county,  Simmons;  Anoka  county,  Juni;  upper 
Mississippi  river,  OarrUon.      Rare. 

R.  Toxicodendron,  L.       Poison  Ivy.    Poison  Oak. 

Common,  often  abundant,  throujshout  tlie  state.  (Erect  or  decumbent,  1  to  3  feet 
high :  not  climbing,] 

R,  Toxicodendron,  L.,  var.  ra<licans,  Torr.*       Climbing  Poison  Ivy. 

This  variety  (or  species)  occurs  sparingly  in  the  southeast  part  of  the  state. 
Mrs.  Carter.  Miss  Manniny. 

R.  aroma tica,  Ait        Fraj^rant  Sumach. 

Maligne  river  (near  the  international  boundary  east  of  Rainy  lake).  Macoun.    Rare. 

*Kuus  Toxicodendron,  L.,  var.  badicans,  Torr.  (R.  radlcans,  L.)  Stems  climb- 
ing by  means  of  innumerable  radicating  tendrils;  leaflets  3,  ovate,  dark  green,  smooth 
andshining,  entire,  the  lowest  rarely  angular;  flowers  screenish,  racemed  in  axillary 
panicles  ;  berries  dull  white.  A  vigorous  woody  climber,  ascending  trees  and  other 
objects  10  to  40  or  jO  feet.  The  stem  becomes  1  to  2  inches  (or  more]  in  thickness, 
covered  with  a  greenlili,  scaly  bark,  and  throws  out  all  along  its  length  myriads  of 
tiiread-Uke  rootlets,  which  bind  It  tlrmly  to  its  support.    WooiVs  Chixs-Bnok. 
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VITACE^.        Vine  Family. 


V.  Labrusca,  L.        Northern  Fox-(xrape. 

Occurs  frequeutly,  according  to  Clark,  In  the  east  part  of  the  state,  as  far  north- 
ward as  southern  Pine  coaoty,  and  rarely  on  the  ttt.  lA>uis  river ;  lake  Peplu,  Miss 
Manning, 

Y.  aestivalis!,  Michz.        Sammer  Grape. 

Lapfuim.  at.  Orotx  Falls.  Miss  Fieid-^  Anoka  county,  J  wit;  BIgStone  lake.  WincheU; 
Feigus  Fallsi,  Leonard.      Infrequent.       8outh. 

V.  cordifolia,  Michx.*        Winter  or  Frost  Grape. 

Frequent  in  the  south  half  of  the  state  ;  also  In  the  Red  river  valley,  near  Emerson, 
Manitoba,  Dawton. 

Ym  riparia,  Miclrx.t  (V.  cordifolia,  Michx.,  var.  riparia,  Gray.)        Winterer 
Frost  Grape. 
Common  throughout  the  state,  excepting  north  of  lake  Superior. 

AMPELOPSIS,  Michx.       Virginian  Crespkr. 

A.  quinquefolia,  Michx.        Virginian  Creeper.    Five-leaf  Ivy.    American 
Ivy.     *' Woodbine.'* 
Common  through  the  south  half  of  the  state  and  in  the  Red  river  valley  :  probably 
less  frequent  northeastward.   **A  very  desirable  climber,  often  cultivated  *' 


RHAMNACE^.        Buckthorn  Family. 

RHAMNUS,  Toum.       Buckthorn. 

R.  alnifolla,  L'Her.       Alder-leaved  Backthorn. 

8t.  Croix  river.  Parry;  Minneapolis,  Wincheil,  Kassube;  besu&h  ol  lake  Superior^ 
Juni;  lake  of  the  Woods,  Dawson.    Kare  southward  ;  common  far  northward. 

*Vmfl  coBDiPOLiA.  Michx.  Tall  (or  more  rarely  low),  climbing  high,  trunks  not 
rarely  G  to  9  iuche<*  io  diameter ;  leaves  middle-sized  or  small  (2Vi  to  3  or  4  iuches  Id 
diameter),  heart-shaped,  mostly  entire  or  very  slightly  tri-iobed  on  the  edises,  witli 
broad,  shallow  teeth,  usually  smooth  and  shining,  more  on  the  upper  than  on  the  lower 
side,  the  young  ones  sometimes,  and  very  rarely  the  old  ones,  with  shoit  hair  on  the 
ribs  b<4low ;  berries  .oniill.  in  large,  mostly  loose  bunches,  bUck,  without  a  bloom^ 
maturing  late  in  the  fall,  usually  only  with  a  single  short  and  thick  seed,  marked  by  a 

prominent  raphe. This  grows  m<ire  especially  In  fertile  soil,  and  is  common  in  river 

and  creek  bottoms.  Engelmann,  in  Sixth  An,  Rep.,  Insa-ts  of  Missouri-  also  in  Bulletin 
of  the  Torrey  Botanical  Club. 

tViTis  RiPARiA,  Michx.  Mostly  a  smaller  plant  than  the  last,  but  with  larger  (3  to 
5  inches  in  diameter)  and  more  or  less  Inolsely  3-lobed,  glabrous,  shining  (or  rarely 
when  young,  slightly  hairy)  leaves,  the  lobes  long  and  pointed,  the  teeth  aUo  more 
pointed  than  in  V.  cordifolia ;  berries  usually  larger  than  in  the. last,  mostly  with  a 
bloom,  In  smaller  and  often  more  compact  bunches,  commonly  1-to  2-seeded ;  seeds 
with  a  less  prominent  raphe. This  species  prefers  thickets  or  rucky  soil  on  river- 
banks  ;  the  northern  form  has  fewer  and  lar)i;er  berries  in  a  bunch,  and  Is  easily  distln> 
gulshed  from  V.  cordifolia.  The  fruit  ripens  earlier  than  the  former  and  Is  pleasanter. 
Engeimann,  in  Insects  of  Mo.,  and  in  Bull.  Torr.  CL 
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CEANOTHUS,  L.       New  Jersey  Tea.    Red-root. 

C.  Americauus,  L.       New  Jersey  Tea.    Red-root. 

Common  tbroughoat  tlio  state,  excepting  far  northward  ;  especially  abundant  on 
sandy  tracts  f n  the  region  of  the  upper«uVIIsst»8lppl  river.  Though  only  a  small  shrub , 
one  to  three  feet  high,  its  root  Is  a  mass  of  gnarled  wood,  sometimes  six  or  eight  inches 
In  diameter,  "a  troublesome  obstacle  In  first  breaking  the  soli." 

C.  ovatus,  Desf.  (C.  ovalis,  Bigelow.)       Red-root. 

Sandy  ridges  of  the  St.  Oroix,  ''seeming  to  take  the  place  of  the  preceding  specie^) 
and  an  indication  of  a  more  barren  soil,"  Parry^  New  Ulm,  Ju/it.    [Kaministiquia  river 
(very  abundant),  Macoun.]      Local. 

CEL ASTRA  CEJE.        Staff-tree  Family. 

CCLASTRUSy  L.       Staff-tree.    Shkubbt  Bitter-sweet. 

C.  scandens,  L.       Climbinfl:  Bitter-sweet.    Wax-work. 

Common  through  the  south  half  oC  the  state,  extending  north  to  the  sources  of  the 
Mississippi,  and  to  Polk  county  ;  lesb  frequent  north  to  Emerson,  Manitoba,  Scott. 

EUONYMU:?,  Toum.       Spindle-tree. 

£.  atropnrpureui>9  Jacq.       BumiD^-Bosb.    Waahoo. 

Frequent  southward ;  extending  north  to  Anoka  county,  Jxmlt  JLake  Elizabeth, 
Rnndlyohi  county,  Mrs,  Terry ^  and  Clay  county  in  the  Red  river  valley,  Ocdge, 

E.  Amerlcanns,  L.,  var.   obovatU8iy    Torr.  &  Gray.       Trailing  Straw- 
berry Bqsb. 
Miuneapolis,  ITincheU;  lake  Pepin,  Mies  Manning,      Rare. 

SAPINDACEiE.        Soapberry  Family. 

STAPHYLEA,  L.       Bladder-Not. 

S.  trifolia,  L.       American  Bladder-Nat 

Frequent  southward  ;  extending  north  to  Minnehaha  tails,  RohertSt  and  New  Ulm, 
Juni, 

ACER,  Tourn.       Maple. 

A.  Pennsylvanicuin,  L.       Striped  Maple.    Mo^se-wood, 

Common  northeastward,  extending  south  to  the  upper  Missisvlppl  river  and  to 
southeastern  Pine  county  ;  rare  and  local  farther  south  to  lake  Pepin,  Mlsa  Manniny. 

A.  spicatum.  Lam.       Moantain  Maple. 

Abundant  north  of  lake  Superior  and  along  the  international  boundary ;  extending 
south  to  Miile  Lacs,  Upluxm;  rare  and  local  farther  southward  on  the  Mississippi  bluffs 
at  lake  Pepin,  Mfss  Manning,  and  in  section  22,  Richmond.  Winona  county.  Winchell. 

A.  saccharinum,  Wang.       Su^^ar  Maple.    Rock  Maple.    Hard  Maple. 

Common,  often  abundant,  throughout  the  state,  excepting  near  it«r  west  side.  Not 
found  close  to  the  shore  of  lake  Superior,  but  common  two  or  three  miles  from  it,  40O 
feet  or  more  above  the  lake,  attaining  a  bight  of  75  feet,  GUirh.  The  northern  limit  of 
this  tree,  aeccrdlog  to  Bell,  extendi  from  the  lower  pari  of  the  valley  of  the  Kaminis- 
tiquia river  westward,  a  little  to  the  north  of  the  boundary  line,  to  the  lake  of  the 
Woods,  where  it  turns  south.    The  Chippewa  Indians,  who  are  yet  the  principal  inhab- 
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UanC3  of  the  wooded  region  north  of  the  Northern  Paolflc  railroad,  make  considerable 
maple  sugar,  their  ordinary  product  in  the  region  of  lalce  Superior,  according  to  Clark, 
being  from  100  to  500  pounds  for  each  lodge. 

A.  sacohariuum,  Wang.,  var,  oigrriun,  Torr.  &  Gray.         Black  Sugar 
Maple. 
Houston  county,  WinekeU;  upper  Mi&sissippi  river.  Garrison,    3f  r.  J.  C.  Arthur 
reports  this  variety  common  at  Watenrllle,  Le  Sueur  county,  and  believes  it  to  be  the 
prevailing  form  of  the  species  at  least  through  the  south  part  of  the  state. 

A.  (lasycariniiii,  Ehrh.      White  or  Silver  Maple.   River  Maple.   Soft  Maple. 
Common  southward,  extending  north  to  the  upper  MLssisslppi  and  the  White  Barth 
reservation,  Garrimn.   More  frequently  cultivated  for  shade  than  the  next,  each  of 
these  species  being  often  called  soft  maple. 

A.  nibruin,  L.       Red  Maple.    Swamp  Maple.    Soft  Maple. 

Common  through  the  east  part  of  the  state ;  extending  west  to  Mud  Portage  on  the 
Dawson  route  (north  of  lake  Superior),  Macotm,the  White  Earth  reservation,  Oarrfsofi, 
and  Redwood  Falls,  Ptmltertmx;  abundant  in  Winona  county,  WincheU,  This  and  the 
two  preceding  species,  esi)eclaliy  the  sugar  maple,  are  valuable  for  furniture  and  cabi- 
net work,  and  are  fine  shade  and  ornamental  trees,  for  which  purpose  they  are  exten- 
sively raised  from  the  seed  or  transplanted  from  the  woods. 

NEGUNDO,  Moench.        AsH-iiBAVED  Maple.    Box-Elder. 

N.  aceroides,  Moencb.       Box-Elder. 

Common  through  the  south  half  of  the  state,  extending  thus  north  to  Kanabec, 
Mille  Lacs  and  Wadena  counties ;  less  frequent  farther  north  to  the  St.  Louis  river  near 
Fond  du  Lac,  WincheU,  Kaministiquia  river,  Af  orcmn,  and  the  upper  Mississippi  river, 
Gai-rUon;  also  abundant  throughout  the  Red  river  valley  and  northwestward,  reachUig 
east  to  the  lake  of  the  Woods,  Dawson,  * 'Destined  to  be  the  shade  tree  of  all  the  prairie ' 
cities*'  of  Manitoba  (MacounX  Along  the  Minnesota  river,  it  sometimes  exceeds  three 
feet  in  diameter  iWiMhell).    Sugar  and  syrup  are  made  from  it  at  Big  Stone  lake. 

POLYGALACE^.        Milkwort  Family. 

POL.YGALA,  Toum.       Milkwort.    Polyoala. 

P.  sanguinea,  L.       Purple  Milkwort. 

Frequent,  or  common,  southward  ;  extending  north  to  the  upper  Mississippi  river, 
(inrrimn,  and  Polk  county,  Upham . 

P.  eriiciata,  L.        Milkwort. 

Margins  of  swampy  lakes,  St.  Croix  river,  Parry  ;  Minneapolis  (frequent),  Rolterts  ; 
Stearns  county,  Mrs.  Blai^dell. 

P.  Yerticillata,  L,       Milkwort. 

Frequent,  or  common,  in  the  south  and  west  portions  of  the  state  ;  extending  north 
to  Minneapolis,  Simmons,  New  UUn.  Junf,  and  the  Red  river  valley,  Upham, 

P.  Senegr^if  L.       Seneca  Snakeroot. 

Common,  or  frequent,  throughout  the  state.  Several  tons  of  this  medicinal  root  are 
dug  and  sold  yearly  by  the  Oh ippewa  Indians  in  the  region  of  Mille  Laos,  the  Crow 
Wing  river  and  the  White  Earth  reservation,  the  price  which  they  receive  for  It,  when 
dried,  being  from  30  to  60  cents  per  pound. 

P.  polygrama,  Walt.       Pink  Polygala. 

Sandy  soil,  St.  Croix  river.  Parry;  lake  Pepin,  JfiM  Udnning  ;  Saint  Cloud,  Garrison  ; 
Auoka  county  and  Brainerd,  Upham ;  lake  of  the  Woods,  Dawson. 
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P.  paaeilbUa,  Willd.       Fringed  Polynrala. 

Faribault,  Rice  county,  Miss  Beane.  f  Kamlulstiqula  river.  nori;h  of  lake  Superior, 
Macmm .  ]      Rare. 

LEGUMINOS.E.        Pulse  Family. 

LUPIXUS,  Tourn.       Lupine. 

li.  perennis,  L.       Wild  Lupine.    Perennial  Lupine. 

Common  on  light,  sandy  land  from  lake  Pepin  to  tbe  sources  of  the  Mississippi  rl?- 
er ;  also.  Fergus  Falls,  Leonard.    Rarely  found  with  white  flowers. 

TRIFOIilUM,  L.       CiovER. 

T,  atren»$y  L.        Rabbit-foot  or  Stone  Clovn'. 
Saint  Cloud,  Steams  county,  Campheli.      Rare. 

T.  pratense,  L.        Red  Clover. 

Frequently  adventiTC  throughout  the  state. 

T.  repeiiSy  L.        White  Clover.    Shamrock. 

Occurring  like  the  last,  already  very  abundant  In  many  districts ;  also  quite  cer- 
tainly Indigenous  through  the  north  half  of  the  state,  Clarh,  Upham. 

T,  hybridum,  L.*        AUike  Clover, 

Adventlve, but  scarcely  established.  Saint  Cloud  (sandy  soil,  on  the  grounds  of  the 
Normal  School),  CampMU,      Rare. 

T.  procufnbens,  L.        Yellow  Clover,    Low  Hop-Clover. 

Steams  county  (both  the  type  and  the  var.  minus,  Koch),  Campbell;  Saint  Paul, 
Minneapolis  and  lake  Minnetonka  (sparingly  adventlve),  BiyherU;  lake  Pepin,  Miss 
Manning.      Rare. 

MELILOTUS,   Toani.  Melilot.      Sweet  Clover.      Hart's 

Clover. 

M,  offlehialis,  Willd.        Yellow  Melilot. 

Goodhue  county,  iSa/id2>€r(ir;  Minneapolis  (frequent),  Aober^«;  Stearns  county,  Oar- 
rUoTi:  Blue  Earth  county,  LeilHTg.       South. 

M.  alba.  Lam.        WhUe  Melilot, 

Throughout  the  south  half  of  the  state.      More  frequent  than  the  preceding. 

MEDICAGO,  L.        Medick. 

M.  satira,  L.        Lucerne,    Alfalfa. 

.Escaped  from  cultivation,  Blue  Earth  county,  Leiheru;  Minneapolis,  }Vinchell. 

*  rrt/oh'um /ij/brldum,  L.  Almost  glabrous;  leaflets  obovate  or  oblong  ;  stipules 
oblong,  tips  triangular ;  heads  axillary,  peduncled,  globose ;  pedicels  elongate,  at 
length  reflexed ;  flowers  [whitish,  rose-tinted]  drooping ;  calyx-tube  campanulate, 
gibbous ;  teeth  subulate,  nearly  equal,  unaltered  in  fruit  Hooker's  Students'  Flora  of 
theBritUh  Islands,   (See  Botanical  Oatftte,  vol.  vil,  pp.  121  and  135.) 
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HOSACKIA,  Doagl.       Hosackia. 

H.  Purshiana,  fienth.*       Hosackia. 

Gravelly  shore  of  8wan  lake,  section  7,  Underwood,  Redwood  county  (leaTes  about 
K  Inch  long,  very  sbort-petloled,  oC  three  oblong  acute  leaflets,  the  lateral  ones  oblique 
lu  tbelr  lower  halO*  Upham.      Southwest. 

PSOBAIiEA,   L.  PSORALEA. 

P.  tenuiflora,  Parsb.  (P.  floribanda,  Natt.)       Paoralea. 
Cottonwood  county,  Holztnocr.      Southwest 

P.  argophylla,  Parsb.       Silvery- leaved  Psoralea. 

Abundant  in  all  the  prairie  portion  of  the  state;  extending  northean  to  the  upper 
Mississippi  rl?er,  Oarrison,   (See  note  In  American  Haturcaist,  vol.  xvU,  p.  4U.) 

P.  esculenta,  Pui-sh.  Dakota  Tamip.  Pomme  blanche.  Pomme  de 
Prairio.    Pom  me  de  Terre . 

l^ommon  southwestward ;  extending  east  to  the  rising  ground  east  of  Red  river 
prairie,  Dawson,  the  Roseau  river,  ScoU^  Morrison  county,  CTpftam,  Minneapolis  (rare, 
found  close  east  of  lalce  Calhoun),  Grtswold,  Roberts,  and  Blue  Earth  county,  Leibtrg. 
"  Pomme  df>  Prairie  of  the  French  voyageurs;  Tipsinahot  the  Sioux  Indians.  It  oc- 
curs over  a  wide  range  of  country  between  the  Mississippi  and  the  Rocky  Mountains, 
and  Is  a  characteristic  plant  of  the  Coteau  des  Prairies.  The  root,  frequently  attaining 
the  size  of  a  hen's  egg.  Is  of  a  regular,  eyllndrlc,  ovoid  shape,  consUtlng  of  a  thick, 
leathery  envelope,  easily  sepai-atlng  when  fresh  from  Its  smooth  interual  part.  The 
latter  Is  of  a  friable  texture,  except  towards  the  axis,  where  some  ligneous  fibres  are  in- 
termixed. When  dry,  it  acquires  a  sweetish  taste,  and  Is  easily  pulverized,  affording  a 
light,  starchy  flour,  suitable  for  all  the  uses  of  the  ordinary  article.  When  growing  Its 
aspect  is  that  of  a  Lupine.   It  selects  a  dry,  gravelly,  but  not  barren  soil."  Parry. 

The  Dakota  (Sioux)  name  of  the  river  in  western  Minnesota,  well  known  as  the 
Pomme  de  Terre,  refers  to  this  plant.    Rlggs*  Dakota  Dictionary,  p.  171. 

DALEA,  L.        Dalea. 

I>.  alopecuroides,  WiUd.       Dalea. 

Spirit  lake,  Iowa,  Gcyer;  and  doubtless  In  the  adjoining  portions  of  Minnesota. 
Southwest. 

PETAIiOSTEMON,  Micbx.       Prairie  Clover. 

P.  violaceuSy  Micbx.       Parple  Prairie  Clover. 

Abundant  in  all  the  prairie  portion  of  the  state ;  extending  northeast  to  the  upper 
Mississippi  river,  Houohton. 

*  Hosackia,  Dougl.  Calyx-teeth  nearly  equal.  Petals  free  from  the  stamens, 
nearly  equal;  standard  often  remote  from  the  rest,  ovate  or  roundish;  keel  curved, 
obtuse  or  somewhat  acutely  beaked.  Stamens  dladelphous;  anthers  uniform. 
Pod  linear,  compressed  or  nearly  terete,  sessile,  several-seeded,  with  partitions  be- 
tween the  seeds.  Herbaceous  or  rarely  woody,  with  pinnate  2-  to  many-follolate  leaves; 
stipules  mostly  minute  and  gland-like;  flowers  in  axillary  sessile  or  pedunculate  um- 
bels, yellow,  often  becoming  brownish. 

Hosackia  Pdbshiana,  Benth.  Annual,  usually  a  foot  high  or  more,  and  more  or 
less  silky-vliloui :  leaflets  i  to  5. ovate  to  narrowly  lanceolate,2  to 9  lines  long ;  stipules 
gland-like ;  flowers  small,  yellow,  on  peduncles  exceeding  the  leaves,  bracteate  with  a 
single  leaflet:  calyx-teeth  linear,  much  exceeding  the  tube,  about  equalling  the  corol- 
la; pod  linear,  straight,  smooth,  an  Inch  long,  &-  to  7-seeded.  WaUon  In  Botany  of 
Wheeter*s  Surveys  west  of  the  One  Hundredth  Meridian, 
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P.  caDdidus,  Michx.        White  Prairie  Clover. 

Abundant,  with  same  range  as  the  lant ;  excepting  that  It  Is  less  common  In  the 
north  pdrt  of  the  Bed  river  yalley,  UpTiam. 

P.  Yillosiis,  Nutt.        Silky  Prairie  Clover. 

Common  ou  sandy  land,  from  lake  Peptn,  MUs  Manning,  Goodhue  county.  SandTterg, 
and  the  barrens  of  the  bt.  Croix  river,  farry,  to  Minneapolis,  Lac  qui  Parle,  and  Polk 
county,  Upham, 

AMORPHA,  L.       False  Indioo. 

A.  f^uticosa,  L.        False  lodiiro.    *'  River  Locust." 

Common  throvicta  the  south  half  of  the  state,  in  the  Ked  river  valley,  Upham,  and 
to  the  upper  Mississippi  river,  Oarritton. 

A.  canescens,  Nutt.       Lead- Plant.    **  Sho8-8tnnj?8." 

Abundant,  with  the  same  range  as  the  last.  The  common  name  alludes  to  Its  long 
tough  roots,  which  are  troublesome  lu  plowing. 

A.  inicrophylla,  Pursh.*  (A.  nana,  Nutt.)       Dwarf  False  Indiflro. 

Common  from  the  Blue  Earth  river.  Parry,  and  Chippewa.  Swift  and  Grant  counties, 
Aoberte.  southwestward  ;  also  common,  or  frequent,  throughout  the  Red  river  valley, 
Upltam, 

BOBINIA,  L.        LocusT-TREB. 

R,  Pseudacaeia,  L.       Comtnon  Locust-tree,    False  Acacia. 
Adventive,  Minneapolis,  Wincl^ll. 

TEPHROSIA,  Pers.       Hoary  Pea. 

T.  VirginiaDa,  Pers.       Goat's  Rue.    Cakgut. 

Lapham,  Hart,  Winona  oounty,  Winclull;  at  head  of  lake  Pepin,  Sandherg, 
Washington  county,  JunU      South . 

ASTRAGALUS,  L.       Milk- Vetch. 

A.  caryocarpus,  Ker.       Ground  Plum. 

Common,  often  abundant  in  all  the  prairie  portion  of  the  state  :  extending  north- 
east to  the  upper  Mississippi  river,  Oarriaon.  *'  Wheu  the  pods,  which  are  nearly  solid, 
have  reached  the  size  of  hazel-nuts»  they  prove  a  valuable  addition  to  the  li:»t  of  early 
vegetables.  Coolced  like  green  peas,  they  make  a  pleasing  d(sh,  intermediate  in  taste 
and  flavor  between  early  peas  and  asparagus."    Arthur, 

A.  Plattensis,  Nutt.,  var.  Tenne.sseensis,  Gray.       Ground  Plum. 
Grant  eounty,  Robert*;  Fergus  Falls,  Leonard.      Southwest. 

A.  Oanadeiisis,  L.       Milk- Vetch. 

Common,  or  frequent,  throughout  the  state ;  abundant  in  the  Red  river  valley, 
Upham. 

*Amorpha  microphtlla,  Pursh.  Nearly  smooth,  dwarf  $  leaves  with  very  short 
petioles,  obtuse  at  both  ends  ;  spikes  short,  solitary  ;  calyx  nearly  naked,  pedicellate, 

teeth  all  very  acuminate  ;  legumes  i-seeded Prom  1  to  2  feet  high  ;  flowers 

purple  and  fragrant.  A  very  elegaut  little  shrub.  Purah^s  Fl.  A mer..  quoted  by  ^r< 
thur  iContrlhiUioM  to  the  Flora  of  Iowa,  No.  V.),  who  adds  :  ''This  compact  little  shrub 
is  abundant  ou  the  dry  prairies  of  northwestern  Iowa.  It  flowers  in  May,  and  not  in 
July  and  August  as  stated  by  Purih.  The  leaflets  are  oblong,  cousplcuously  punctate, 
and  in  10—20  pairs." 
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A,  adHurgeii8,  Pall.*       Milk- Vetch. 
Red  river  valley,  ScoU,  Maeoun.       West. 

A.  liypugrlottis,  L.t       Milk-Vetch, 

Plains  near  Pembina,  Doiiglcutt  Chickcriiiy,  Harard,    Red  river  prairie.  Dawson. 
West. 

A.  gracilis,  Nutt.i       Milk- Vetch. 

Minnesota.  Walton. .     i^outhwest. 

A.  Cooper j.  Gray.       Ck>oper'8  Milk- Vetch. 

Upper  Mississippi  river.  Garrbion;  lake  Pepin,  Miss  Manning.       Rare. 

A.  ilexuo8iis  l>ou8l.§       Milk-Vetch. 

Red  river  prairie,  Douglas,  Ma4:ounf  Dawson^  Scott       West. 

OXY'TROPIS,  DC.        OxYTROPis. 

O ,  Lanibeiidy  Pursh.       Oxytropis. 

Frequent  or  common,  westward  ;  extending  east  to  Wortliington  (rare)  FooUy  Cot- 
tonwood county,  HoUtnger,  Glen  wood  (common,  with  flowers  bright  rose-purple, 
clianging  later  to  blue),  Upham,  Douglas  county,  Mrs.  Terry,  Fergus  Falls,  Leonard, 
and  the  Red  river  valley,  Doiiglas,  Maeoun. 

*A8TBAaALiTS  AD8UBGJEMB,  Pall.  Pereuuial,  cinereous  with  minute  appressed 
pubescence  or  giabrate  ;  stems  rather  stout,  4  to  18  inches  high,  ascending  or  decum- 
bent ;  .stipules  scarlous.  mostly  united  at  base ;  leaflets  10  pairs,  6  to  9  lines  long,  nar- 
rowly or  Ilnear-oblong ;  spike  dense,  at  length  oblong  or  cylindrical ;  flowers  purplish, 
medium  sized,  ascending ;  calyx-tube  rather  long-cam panulate,  twice  exeeeding  the 
setaceous  teeth,  sub  villous  with  light  or  dark  hairs :  pod  coriaceous,  pubescent,  sessile, 
ascending,  ovate-oblong  (4  to  6  lines  in  length),  straight,  usually  tf  iangular-compressed, 
with  a  dorsal  sulcus,  and  2-celIed  by  the  Intruded  dorsal  suture,  many-ovuled.  Wat- 
son*8  Hep.  in  King's  ExpLof  tlie  FortUtfi  ParaUcl,  following  Gray's  Rev(s.,  Proe.  Ama\ 
Acad,,  yoL  vi. 

tAsTRAOALus  Hvi*o<iLom8,  L.  Pereuuial,  with  a  rather  loose  pubescence,  or 
nearly  glabrous ;  stems  6  Inches  to  2  feet  long,  slender,  diffusely  procumbent  or  ascend- 
ing ;  stipules  subfollaceous  and  more  or  less  sheathing  ;  leaflets  7  to  lo  pairs,  oblong, 
obtuse  or  retuse ;  heads  rather  many-flowered ;  corolla  violet,  Vt  inch  long ;  legume 
coriaceous,  ovate  and  triangular,  silky-vilious,  very  shortly  stlpltate,  2-ceUed  by  the 
Intruded  dor:iai  suture,  and  but  6-  to  8-seeded.  From  southern  Colorado  northward 
along  the  Rocky  Mountains  and  Red  River  Vallev  to  the  Arctic  Circle  and  Alaska. 
June  to  September.  Watson's  Rep.  in  King's  Expl.  of  the  Fortieth  ParaUel,  follow- 
ing Gray's  RevUion. 

;  ASTRAQALus  GRACILIS,  Nutt.  Pereuuial,  somewhat  appressed  pubescent,  slender, 
erect  or  ascending,  a  foot  high  or  more  :  leaflets  three  to  Ave  pairs,  narrowly  linear, 
half  an  inch  long  or  less  :  flowers  very  small,  white  or  purplish.  In  an  elongated  open 
long-peduncled  spike  :  calyx-teeth  very  short :  pods  coriaceous,  sessile,  pubescent  and 
rugose,  2  or  3  lines  long,  ovate-oblong  and  obcompressed,  i-celled,  conaaveon  the  baok, 
and  the  ventral  suture  prominent.  Watson  In  Botany  of  Wheeler's  Surveys  toest  of  the 
One  Hundredth  Meridian, 

§  Astragalus  flrxuosus,  Dougl.  Ashy-puberulent ;  stems  ascending,  l  foot  high, 
flexuose  ;  leaflets  oblong  or  cuneate-llnear,  obtuse  or  retuse ;  peduncles  exceeding  the 
leaves  ;  racemes  mostly  elongated,  loose ;  flowers  4  lines  long,  white  or  purplish  ;  calyx 
hoary-pubescent,  teetti  three  times  shorter  than  the  tube ,  pod  cyllndric,  8  to  11  lines 
long,  2  lines  broad,  puberulent.  thinly  coriaceous,  straight  or  sub-incurved:  stipe  very 
short,  out  evident.    Gray's  Uevliion  oj  Astrag.,  i*roc.  Amer.  Acad.,  vol,  vi. 
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O.  8plen«len.Sy  Doajjl.*       Silvery  Oxytropis. 

"A  most  elegant  plaDt,  with  its  crowded,  silvery,  sllky-villous  foliage  and  spikes, 
and  deep  blue  corollas.  It  was  gathered  on  the  Chippewa  river"  I  in  Minnesota].  Qrau 
in  Pacijlc  Railroad  Report,  Glenwood,  Pope  county,  Upham;  Pembina,  Douglas, 
Hamrd.      West. 

GLYGYRRUIZA,  Tourn.       Licoricr. 

G.  lepldota,  Parsh.       Wild  Licorice. 

Abundaut  westward,  from  St.  Vincent  to  Iowa ;  extending  east  to  lake  Pepin,  Miss 
Manning^  Freeborn  county  and  Minneapolis,  Upham,  the  St.  Croix  river.  Parry,  Stearns 
county,  Campbell,  and  the  lake  of  the  Woods  at  the  mouth  of  Rainy  river,  Macoun; 
but  not  reported  in  the  region  of  the  upper  Mississippi  river  and  farther  northeast. 

HEDYSARUM,  Tourn.       Hedysarum. 

H.  boreale,  Natt.       Hadtsarum. 

Lapham,      [North  shore  of  lake  Superior,  ^(/ossJz.]      North. 

DESMOI>IUM,  DC.       Tick-Trefoil. 

D.  midiflorum,  DC.       Tick-Trefoil. 

St  Oroix  river.  Parry;  Anoka  county,  also  New  Dim,  Juni;  Blue  Sarth  county. 
G«d<7e;  Redwood  Falls,  Pemberton.      Infrequent.       South. 

I>.  acuminatum.  DC.       Tick-Trefoil. 

Common  southward ;  extending  north  to  the  upper  Mississippi  river,  OaiTison; 
Fergus  Falls,  Leonard. 

I>.  rotuudifolium,  DC.  Round-leaved   Tick-Trefoil.     Trailing  Tick- 

Trefoil. 
Upper  Mississippi  river,  Garrison.       Infrequent.       South. 

J>.  canescens,  DC.       Tick-Trefoil, 

otter  Tail  county,  Upham;  Nicollet  county,  Aiton;  Blue  Earth  county,  Leiherg; 
lake  Pepin,  Jftes  irann(fH7.      Infrequent.      South. 

I>.  cuspldatum,  Hook.       Tick-Trefoil. 

Lapham.      Upper  Mississippi  river.  Garrison.      Infrequent.      South. 

D«  Oillenii,  Darlingt.       Tick-Trefoil. 

Steams  county,  Gan-Uon;  Douglas  countj,  Urs.  Terry;  Minneapolis,  Ka*sub€; 
Steele  county  (common),  Upliam.      South. 

D.  paiiiculatum,  DC.       Tick-Trefoil. 

Upper  Mississippi  river.  Garrison;  Winona  county,  Holzinger;  Hesper,  Iowa,  Mrs. 
Carter.      Infrequent.       South. 

D.  Cauadense,  DC.       Tick-Trefoil, 

Common  through  the  south  half  of  the  state,  and  perhaps  northward ;  found  at  the 
lake  of  the  Woods,  Dawson,  Burgess,  and  extending  into  Manitoba  to  the  north  end  of 
lake  Winnipeg,  Hooker. 

*0xTTBOPi8  SPLBNDRNS,  Dougl.    Aoaulesccnt,  silvery,  siiky-vlUous  throughout,  % 

to  12  inches  high  ;  leaflets  somewhat  vertlcillate,  3  to  6  together,  very  numerous,  lance- 

'    olate,  very  acute,  usually  5  to  10  lines  long ;  flowers  in  an  oblong  spike,  erect,  spreading, 

usually  deep  blue ;  peduncles  exceeding  the  leaves ;  flowers  not  much  surpassing  the 

calyx  ;  pod  ovate,  erect.    Pttrter  ami  Coulter's  Flora  of  Colorado. 
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LKSPEDEZA,  Michx.        Bu8h-C£X)ver. 

li.  repp nSy  Barton.    (Including  L   procamb?DP,  Michx.)       Bush-ClorcT. 
Lapham.       Rare.       Sjutb. 

Li.  violacea,  Pers.        Bush-Clover. 

Blue  Earth  county.  X>eiber(7;  Brown  county,  Juni.       Infrequent.       South. 

[L.  reticulata,  Pers.  (L.  violacea,  Per8.,yar.  sesslliflora,  Don)  probably  occurs  in 
the  south  part  of  the  state. 

Ij.  reticulata,  Pers.,  var.  angrustifolia,  Maxim.  (L.  violacea,  Pers.,  var. 
an^rnstifoHa,  Torr  &  Gray.)        Busb-Clover. 
(Cottonwood  county,  Holztnger.       Infrequent.       South. 

I^.  hirta.  Ell.       Bush-Clover. 

Lake  Pepin,  Miss  Mannina;  Cottonwood  county,  Holzinger.     Jntrequent.      South. 

L.  capitaia,  Michx.       Bash-Clover. 

Common,  or  frequent,  through  the  south  half  of  the  state  ;  extending  north  at  least 
to  Cass  county,  Upham. 

Ij.  leptostachya,  EuKelm.*       Bush-Clover. 

Southeantern  Minnesota,  T.  J,  Hale;  Emmet  county,  Iowa  (common),  CroJUy;  Rock 
county  (common).  Leiberg,      Suutb. 

VICIA,  Toum.       Vetch.    Tare. 

V.  sativa,  L.         Vetch, 

Lalce  Pepin,  Mias  Manning.      Rare. 

V.  Gracca,  L.       Blue  V^tch. 

Minneapolis,  and  Carlton  county,  Roberta;  White  Bear,  Ramsey  county,  MisaFieUU 
Rare.      South. 

V.  Caroliniaiia,  Walt.        Pule  Vetch.    Carolina  Vetch. 

Frequent  throuRh  the  south  half  of  the  state  ;  extending  north  to  the  upper  lltssls- 
slppl  river,  OarrUmn,  and  Fergus  Falls,  Leonard. 

V.  Americana,  Muhl,       Purple  Vetch.    American  Vetch. 
Common  throughout  the  state. 

IjATHYRUS,  L.       Vetchltno.    EyBRiJkSTiNO  Pea. 

Ij  •  maritimus,  Bi^elow.        Beach  Pea. 

Ctimmon  on  beaches  of  gravel  and  sand,  uorth  shore  of  lalce  Superior,  Juni, 
Rolm  tn;  lalie  of  the  Woods,  Dawson, 

L.  veuo.sus,  Muhl.        Vetchlioflr. 

Commiin  through  the  south  half  of  the  state,  and  in  the  Red  river  valley  ;  extend- 
ing northeast  to  the  upper  Mississippi  river.  Garrison,  and  Kanilnistiqula  river,  Alacoun, 

Li.  ocliroleiicuSy  Hook.        Pale  Vetchlinf?. 
Cummoo,  often  abundant,  throughout  the  state. 

^Lrspkdkza  LRrrosTACHYA,  Engelm.  Clothed  with  approved,  silky  pubescence; 
leaves  linear ;  petiole  longer  than  ihH  terminal  petiolule  ;  splices  paniculate,  sleuUer, 
som»'W'  Ht  loosely  flowered,  rather  longer  than  the  peduncle  ;  legume  equal  t<»  or  tttlghtly 

longer  than  the  cal>x Has  passed  for  L  anvu<«tif>iliH,  from  which  ii«  Hiender 

spikeM  Hiid  p.inleulate  habit  at  ouce  distinguish  it.    Orayt  Proe.  Amer,  Acad.of  ArU 
and  Sciences,  vol.  zil. 
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Li.  paluster,  L.       Marsh  Vetchling. 
Oomnion  throughout  the  state. 

Ij.  paliister,  L.,  var.  myrtifolius.  Gray.        Marab  Yefcchlioff. 

B'ue  Earth  county,  Ldberg;  Stearns  county,  CampbeU;  Fergus  Falb,  Leonard. 

APIOS,  Boerhaave.       Ground- nut.    Wild  Bean. 

A.  tiiberosa*  MoBDch .        Ground-nut.    Dakota  Potato.    Pomme  de  Terre, 
Common,  or  frequent,  through  the  south  half  of  the  state ;  extending  north  to  the 
upper  Mississippi  river.    "Pomme  de  Terre  of  the  French  voyageurs;  Mdo,  or  wild 
potato,  of  the  Sioux  Indians."   Parry. 

PHASEOIiUS,  L.       Kidney  Bban. 

P.  pereuniSy  Walt.        Wild  Bean. 

Saint  Paul,  Kelley;  St.  Croix  Falls,  Miss  Field;  upper  Mississippi  river,  Garriwn; 
Pemhina,  Havard. 

P.  diversifoUas,  Pers.        Wild  Bean. 

Minneapolis,  Twining;  Blue  Earth   county,  Leiberg;   New  Ulm,  Juni;  Euimet 
county,  Iowa  (rare),  Cratty.      Southeast. 

P.  paucifloniA,  Benth.       Wild  Bean. 

Frequent  through  the  south  half  of  the  state;  extending  north  to  the  head -waters 
of  the  Mississippi  riyer,  Gamnn. 

AMPHICARP^A,  Ell,       Hoa  Pea-nut, 

A.  inonoica,  £11.       Ho^r  Pea-nut. 

Cumiuon  throughout  the  state,  excepting  perhaps  far  northward. 

BAPTI8IA,  Vent.       False  Indigo. 

B.  tiuctoria,  R.  Br.        Wild  Indigo. 

Anoka  county,  and  White  Bear,  Ramsey  county,  Juni;  near  Saint  Paul,  Mr$.  Terry; 
lake  Pepin,  Miss  Manning.      Infrequent.       Southeast. 

B.  leucantha^  Torr.  &  Gray.       White  False  Indigo. 

Frequent  through  the  south  half  of  the  state  :  extending  north  to  the  upper  Missis- 
sippi river.  Garrison,  and  Fergus  Falls,  Leonard. 

B.  leucophaea,  Nutt.       Yellowish  Wild  Indigo. 

Common  in  the  most  southern  counties  across  the  state  ;  extending  north  to  lake 
Pepin,  Mids  Manning,  Bice  county,  Vpham,  and  Minneapolis,  Kassube. 

CERCIS,  L.        Red-bud.    Judas-tree. 

C.  Cauadensis,  L.       Red-bud.    Judas-tree. 

Southtrrn  Minnesota,  SargenVs  Catalogue  of  Forest  Trees,  Tenth  Census  of  U.  8. 
If  found  in  this  state,  it  must  he  rare  or  local,  in  the  most  southeastern  counties. 

CASSIA,  L.        Senna. 

C.  Chamrecrista,  L.        Partridge  Pea.    Sensitive  Pea. 

Frequent,  or  common,  throughout  the  southern  third  of  the  state ;  less  frequent 
farther  north  to  the  upper  Mississippi  river,  Houghton. 
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GYMNOCLAI>US,  Lam.        Kentucky  Coppee-tree. 

O.  Gana<leusi8.  Lam.        Kentucky  Coifee-tree. 

Houston  county,  near  Dakota,  Winoua  county,  and  Jordan,  Scott  county,  WineheU; 
Lake  City,  Mist  Mannino;  Nicollet  county  (forming  groves  In  tlie  woods  opposite  to 
Mankato ;  attaining  a  diameter  of  six  inches ;  wood  very  bard,  straiglit-gralned, 
valuable),  Leiherg;  New  Ulm,  Juni;  Sleepy  Eje,  Brown  county,  Upham,  infre- 
quent.     Soutb. 

DESMANTHUS,  Willd.       De3manthus. 

D.  brachylobus,  Benth.        Desmanthus. 

Swan  la^es,  northwestern  Redwood  county,  Upham;  Spirit  lake,  Iowa,  Getter, 
South. 

ROSACEJ^.        Rose  Family. 

PKUNUS,  Touns.        Plum,  Cherry,  etc. 

P.  Americana,  Marshall.        Wild  Plum. 

Common,  often  abundant,  throughout  the  state.  Usually  from  10  to  20  feet  high  ; 
but  north  of  lake  Superior  seldom  exceeding  12  feet  in  bight,  and  often  fruiting  at  3  or 
4  feet,  Clark.  Fruit  valuable,  pleasant-flavored,  rarely  bitter,  mostly  purple,  but  not 
infrequently  varying  from  that  color  to  yellow. 

P.  puniila,  L.        Dwarf  Cherry.    Sand  Cherry. 

Common  on  sandy  land  through  the  north  half  of  the  state,  and  south  to  Miuneap- 
oils ;  local  and  rare  farther  south,  as  at  Castle  Rock  and  in  Qoodhne  county,  Sand^ 
herg,  lake  Pepin,  Miss  Manntng,  and  section  33,  Hart,  Winona  county,  Winchell. 

P.  PennsylYaniea,  L.       Wild  Red  Cherry.    Bird  Cherry. 

Common  throughout  the  state,  excepting  south  westward,  where  it  occurs  rarely. 
Usually  16  to  30  feet  high  ;  but  north  of  lake  Superior  itis  ordinary  bight  is  about  12 
feet,  with  a  diameter  of  24  inches,  Clark. 

P.  Vlrgrlniaaa,  L.       Cboke-Cherry. 
Common  throughout  the  state. 

P.  serotina,  Ehrh.        Wild  Black  Cherry. 

Common  throughout  the  state,  excepting  far  northward,  where  it  is  absent  or  rare. 
Macoun  reports  it  as  far  west  as  the  Kaministiquia  river,  lake  Superior. 

NEILLIA,  Don.        Nine-Bark. 

X.  opulifolia^  Benth.  and  Hook.    (Spinea  opulifolia,  L.)       Nine-Bark. 

Frequent  throughout  most  of  the  state,  but  rare  southward  and  westward ;  abun- 
dant north  of  lake  Superior,  especially  along  the  shore,  "clinging  to  bare  rocks,  often 
within  the  sweep  of  the  waves,"  Juni,  Robert*;  Rainy  river  and  lake  of  the  W&ods, 
Maeoun. 

SPIRAEA,  L.         Meadow-Sweet.    SpiRifiA. 

S.    salicifolia,   L.         Common  Meadow- Sweet.      Willow-leaved    Spiraea. 
Qu(  en  of  the  Meadow, 
common  throughont  the  state. 

S.  tonieiitosay  L.        Hardhack.    Steeple-Bash. 

Frequent,  in  some  places  plentiful.  In  Hennepin,  Anoka.  Chisago,  Isanti  and  Kana- 
bec counties,  Rohert»i  Juni,  Uph^im.  East.  [It  Is  also  found  at  lake  Winnipeg, 
Richardson.  [ 
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AGBIMONIA,  Toum.       Aobikont. 

A«  £upatoria,  L.        Common  Acrimony. 
Frequent,  often  common,  throughout  the  state. 

GEUM,  L.        AvKNS.    Geum, 

G.  album,  Gmelin.        White  Avens. 

Frequent,  or  common,  throughout  the  state ;  extendlog  northward  to  the  north 
shore  of  lake  Superior,  Juni,  and  Pembina,  Havard. 

G.  Virginianuin,  L.        Vir^nian  Avens. 

Minnesota  river,  Parry;  Blue  Earth  county,  Leiberg;  Goodhue  county,  Sandberg; 
Hesper,  Iowa,  Mrs.  Carter.       Infiequent.      Houlh. 

G.  macrophyllum,  Willd.       Large-leaved  Avens. 

Abundant  north  of  lake  Superior,  Roberta;  extending  south  to  Sherburne  county, 
Upham,  Anoka  county  and  New  Ulm,  Juni,  and  lake  Minnetonka,  Roberts, 

G.  strictum.  Ait.       Strict  Avens. 

Throughout  the  state  ;  common  northward,  frequent  southward. 

G.  rivale,  L.        Water  Avens.    Purple  Avens. 

Common,  or  frequent,  through  tlie  north  half  of  the  state ;  extending  south  to  lako 
Fepln,  Miss  Manning,  Xorthfieid,  Rice  county,  Chancy ,  and  Nicollet  county,  Aiton. 

G,  trilloruin,  Parsh.        Three-flowered  Avens. 

This  species,  "attractive  by  reason  of  its  long,  plumose  styles,  and  dissected,  fern- 
like leaves."  rare  in  states  farther  east,  is  common,  or  frequent,  on  dry  somewhat  sandy 
land  throughout  Mmnesota,  excepting  northeastward,  in  which  direction  it  extends  at 
least  to  the  head  of  lake  St.  Croix,  Brainerd,  and  the  upper  Mississippi  river. 

WAL.D8TEINIA,  Willd.       Dry  or  Barren  Strawberry. 

W.  fragrarioides,  Tiatt.       Barren  Strawberry. 

Stearns  county,  Qarriso^i;  St.  Croix  Falls  and  Stillwater,  Miss  Field.  Infre- 
quent.     East. 

POTENTILLA,  L.       Cihque-poil.    Five-Finqer.     Potentilla. 

P.  Norvegricay  L.       Cmque-foU. 
Common  throughout  the  state. 

P.supiuayL.    (P.  paradoza,  Natt.)       Cinque-foil. 

Lake  Pep\n,  Miss  Manning;  sandy  shores  of  lake  Minnetonka,  Bofterte,  fferricfc; 
Anoka  county  and  New  Ulm,  Juni;  Martin  county  (rare),  Cratty;  Steams  county.  Gar- 
rison; Grant  county,  Roberts.    [Devil's  lake,  Dakota,  Oeyer,  and  northwestward.] 

South  and  west 

P.  Canadensis,  L.        Cjmmon  ("inque-foil  or  Five-Finger. 

Common,  or  frequent,  throughout  the  state,  excepting  perhaps  far  northward. 

P.  Canadensis,  L.,  var.  simplex,  Torr.  and  Gray.        Cinque-foil.    Five- 
Finger. 
Lake  Pepin,  Miss  Manning;  New  Ulm,  Juni;  Emmet  county,  Iowa  (rare),  Cratby; 
Minneapolis  (common),  Roberts;  Sherburne  county  (common),  Upham.   [North  of  lake 
Superior,  Agassiz.] 

4F 
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P.  argentea,  L.       Silvery  Cinque-foil  or  Five- Finger. 

Winona  county,  HoJatnger;  Saint  Paul,  if  iM  Cathcart;  Minneapolis,  Herriek,  Up- 
ham;  Washington  county,  Leonard;  St.  Croix  Falls,  Miss  Field;  Anoka  county,  JuiU; 
near  Green  lake,  Kandiyohi  county,  Mrt.  Terry,    [Sheyenne  river,  Dakota,  Qtyer,^ 

Infrequent. 

p.  Pennsylvaniea,  L.,  van  strigrosa,  Pursh.*  Cinqne-foil.  Potentilla. 
Granite  knolls  beside  the  Minnesota  river  in  the  west  part  of  Nicollet  county,  Par- 
ry; Redwood  Falls,  Pemherton;  Worthtngton  (common),  FooU;  Luverne,  Ltihtrg; 
Pipestone  quarry,  If  rs.  Bennett;  Fergus  Falls,  Leonard.  [Pembina  mountain,  Dakota, 
Havard.     **  The  common  form  in  the  prairie  region'*  of  Manitoba,  Maeoun .  ]       West. 

P.  PeunsylYanica,  L.,  var.  bipinnatifida,  Torr.  &  Gray.**       Cinque- 
foil. 
Pipestone  county,  Mrs.  Bennett;  plains  of  the  Red  river,  Douglas,  M  acoun .       West. 

P.  Hippiana,  Lehm.  t       Cinque-foil.    Potentilla. 
Plains  of  the  Red  river,  Drummond,  Maeoun.      West. 

P.  effusa,  Dougl.t       Cinque-foil.    Potentilla. 

Higher  parts  of  the  Red  river  valley,  plentiful,  Douglas,  Maeoun,      West. 

P.  arg^uta,  Fnrsh.        Cinque-foil.    Fotentilla. 
Common,  often  abundant,  throughout  the  state. 

P.  Anserina,  L.       Silver- Weed. 

Common,  or  frequent,  throughout  the  north  half  of  the  state  ,*  extending  south  at 
least  to  Minneapolis  and  Murray  county.  Upham. 

P*  fraticosa*  L.       Shrubby  Cinque-foil. 

Abundant  north  of  lake  Superior,  especially  along  its  rocky  shore,  JunU  Roberts ; 
also  found  near  the  Tamarack  river  in  T.  158,  R.  46,  Marshall  county,  Upham^  and  at 
the  eastern  border  of  the  Red  river  prairie  near  the  International  boundary,  Dawson, 
Scott  (Not  yet  reported,  but  doubtless  occurring  rarely,  in  the  south  half  of  the  state ; 
found  at  Decorah,  Iowa,  Arthur.)      North. 

*  Potentilla  Pjeknstlvanica,  L.,  var.  stbigosa,  Pursh.  Low,  6  to  15  inches 
high  ;  stems  erect,  leiify,  rather  stout ;  leaves  mostly  tomentose  on  both  surfaces,  paler 
beneath,  deeply  pectinate-divided  or  pinnatlfld,  segments  linear,  entire,  with  revolute 
margins;  stipules  laclniate.  Porter  and  CouUer's  Flora  of  Colorado,  following  W(Uson*9 
Revts.,  Proc,  dmer.  Acad.,  vol.  vlii. 

**  POTBMTiLLA  PoNNSTLVANiCA,  L.,  var.  BiPiNNATiFiDA,  Torr.  &  Gray.  Leaflets 
crowded  (3  to  6)  and  often  almost  palmate,  deeply  pinnatlfld  (silky-pubescent  but  not 
Canescent  above);  the  segments  linear,  elongated,  mostly  spreading.  Torrey  and 
Qray*s  Flora  of  N.A. 

tP.  HiPFiAiTA,  Lehm.  Densely  white-tomentose  and  silky  throughout ;  the  upper 
surf^e  of  the  leaves  a  little  darker;  stems  ascending,  i  to  IH  feet  high,  slender, 
branching  above  into  a  diffuse  oyme,  stipules  usually  entire  ;  leaves  pinnate,  occasion- 
ally digitate;  leaflets  5  toll,cuneate-oblong,  l|to  2  Inches  long,  obtuse,'incisely  toothed^ 
at  least  towards  the  apex,  margins  not  revolute  ;  pedicels  slender;  bractlets  narrow ; 
petals  2HX0  3^  lines  long,  exceeding  the  calyx;  styles  flliforra.  not  glandular  at  base, 
terminal;  carpels  10  to  SO.  Porter  and  Coulter's  Flora  of  Colorado,  following  Watson'i 
Revision. 

t¥.  BFFU8A,  Dougl.  Canescently  tomentose  with  scattered  villous  hairs;  stems 
ascending,  diffusely  branched  above,  4  to  12  inches  high ;  stipules  lanceolate,  entire 
or  incised ;  leaflets  6  to  ll,  interruptedly  pinnate,  the  alternate  ones  often  smaller, 
cuneate-oblong,  coarsely  Incised-serrate  or  dentate,  the  smaller  leaflets  3-  to  5-  tooth- 
ed ;  pedicels  slender ;  sepals  and  the  much  smaller  bractlets  acuminate.  2  to  8  lln^ 
long,  equaling  or  exceeding  the  obcordate  petals ;  carpels  to.  Porter  and  CouUer^ 
Flora  of  Colorado,  following  Watson*s  Revision. 
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P.  tridentata,  Sol.       Three-toothed  Cinqae-foil. 

Frequent  throogh  the  north  part  of  the  state ;  common  along  the  rocky  north  shore 
of  lake  Superior  and  on  Minnesota  Point,  at  the  last  named  locality  growing  In  the 
dry  loose  sand,  RohertSt  Juni ;  Infrequent,  or  rare,  southward  to  Stearns  county,  Mrs. 
BlaUdeU,  White  Bear,  Ramsey  county.  Miss  Field,  Lake  City,  Mrs.  Ray,  and  Hesper, 
Iowa,  Mrs,  Carter, 

P.  palustrisy  Scop.       Marsh  Five- Finfl:er. 

Throughout  the  state  ;  common  northward,  frequent  southward. 

FBAGABIA,  Tourn.        Stbawbebry. 

F.  Virginiana,  Duchesne.        Wild  Strawberry. 
Common  throughout'the  state. 

F.  Yirgiiiiana,  DucheHoe,  var.  Illinoensis,  Gray.        Wild  Strawberry. 

Dakota  county,  WincheU;  Anoka  and  Sherburne  counties  (common),  Upham; 
abundant  in  Martin  county  (and  in  Emmet  county,  Iowa),  Cratty. 

F.  Yesca,  L.        Wild  Strawberry.    Wood  Strawberry, 

Mostly  In  woods ;  common  through  the  north  half  of  the  state  and  southwestward , 
frequent  southeastward. 


RUBUS,  Tourn.       Bramble. 

B.  Dalibarda,  L.  (Dalibarda  repens,  L.)       Dalibarda. 

Lapham.      Green  Lake,  Kandiyohi  county,  Mrs.  Terry,      Bare.      East. 

[R.  odoratus  L.,  which  oocurs  in  northern  Michigan  and  Wisconsin,  probably  does 
not  extend  into  Minnesota.] 

B.  NutkanuSy  Mocino.        White  Flowering-Raspberry. 

Abundant  north  of  lake  Superor,  Juni,  Roberts;  and  extending  to  the  sources  of  the 
Mississippi,  HofvuglvUm.  *'Its  showy  white  blossoms  are  about  as  large  as  those  of  the 
wild  rose.  The  fruit  is  large  and  looks  tempting  but  has  a  peculiar  acid  flavor,  which 
makes  it  inferior  to  that  of  Rubus  strigosus."   Juni.      North. 

B.  arcticus,  L.*       Arctic  Raspberry. 

Peat  bog,  "northwest  angle"  of  the  lake  of  the  Woods,  Macoun,      North. 

B«  triflorus,  Richardson.       Dwarf  Raspberry. 

Common,  or  frequeut,  through  the  north  half  of  the  state ;  extending  south  to  New 
Ulm,  Juni,  Blue  Earth  county,  LeiibeTg,  and  Hesper,  Iowa,  Mrs.  Carter, 

B.  strigosusy  Michx.       Wild  Red  Raspberry. 

Common  throughout  the  state,  excepting  southwestward,  where  It  occurs  less  fre- 
quently ;  very  abundant  northward. 

B.  occidentalism  L,  Black  Raspberry.  Black-cap  Raspberry.  Thimble- 
berry. 
Common  through  the  south  half  of  the  state,  and  north  to  the  White  Earth  reser- 
vation, the  upper  Mississippi  river,  and  Pine  county ;  rare  or  wanting  northeastward. 
A  variety  bearing  cream-colored  fruit  oocurs  on  the  bluffs  of  the  Mississippi  at  Wino- 
na, WineluXL 

*BUBUS  ABcncus,  L.  Stem  low,  herbaceous,  sometimes  dioecious,  unarmed,  some- 
what pubescent,  mostly  erect,  l-  to2-flowered,  leaves  trifoUolate;  leaflets  rhombic-ovate 
or  obovate,  coarsely  and  often  doubly  serrate,  petlolulate ;  stipules  ovate  ;  sepals  lan- 
ceolate, acute,  often  shorter  than  the  obovate  entire  or  emarginate  (reddish)  petals. 
Tarrey  and  Gray*s  Flora  of  N,  A, 
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B.  villosus.  Ait.        High  Blackberry. 

Frequent,  occasionaliy  plentiful,  throuRbout  most  of  the  state ;  but  rare  or  want- 
ing in  some  districts,  especially  southwest  ward  and  far  northwest.        Local. 

R,  villosuSy  Ait.,  var.  fH>ndosiis,  Terr.       High  Blackberry. 
Between  lake  Superior  and  lake  Winnipeg,  Richardson  (Macoun), 

R.  Canadensis,  L.        Low  Blackberry.    Dewberry. 

Frequent,  or  common,  through  the  east  part  of  the  state,  extending  west  to  Blue 
Earth  county,  Letberg,  Fergus  Falls,  Leonard,  and  the  White  Earth  reserration,  Oar- 
riaon;  north  of  lake  Superior,  Agasaiz,  Mcuoun. 

R.  liispidus,  L.        Running  Swamp- Blackberry. 

Similar  in  range  with  the  last.  Minneapolis,  Grfoioold ;  Sherburne  county  (com- 
mon), Upham;  Fergus  Falls,  Leonard;  upper  Mississippi  river.  Garrison. 

ROSA,  Toum.       Rose. 

R.  Carolina,  L.       Swamp  Rose. 

Houston  county,  WincTieU;  Blue  Earth  county,  LeXberg  ;  Northfleld,  Chaney;  Mor- 
rison county,  Miss  BabhiU.      Infrequent. 

R.  parviflora,  Ehrh.    (R.  lucida.  in  Manual.)       Dwarf  Wild-Rose. 

North  of  lake  Superior  (common),  Roberta;  White  Earth  reservation,  Garrison; 
Kanabec  county  (common),  Up/iom;  St.  Croix  Falls,  Miss  Field;  Hennepin  and  Fill- 
more counties,  WineheU;  Bice  county,  Sperry;  (Goodhue  county,  Blahe,  Sandherg. 

R.  blanda,  Ait.,  var.  pabesceus,  Cr^pin.*       Early  Wild  Rose. 

Common,  often  abundant,  in  all  parts  of  the  state  ;  the  only  species  of  rose  (but 
occurring  in  two  varieties)  in  our  prairie  region,  there  varying  in  higbt  from  about  one 
foot,  or  sometimes  two  feet  on  the  prairie,  to  three  or  four  feet  in  groves  and  thickets, 
or  even  six  feet,  according  to  Roberts,  in  Grant  county. 

R,  blanda,  Ait,  var.  seti^era,  Cr^pin.t       Early  Wild  Rose. 

Specimens  collected  in  Minneapolis  are  referred  by  Watson  to  tbis  variety,  which 
probably  occurs,  less  frequently  than  the  preceding,  throughout  the  state,  being  most 
common  northward,  i 

CRATJEGUS,  L.       Hawthohn.    White  Thokn. 

C  coccinea,  L.       Scarlet-fruited  Thorn. 

Frequent,  occasionally  common,  through  most  of  the  state ;  extending  "north  to 
the  international  boundary,  but  not  much  beyond  it,"  BeJl.  [Emerson  and  Winnipeg, 
Manitoba,  Dawson,  Macoun.] 

C.  tomentosa,  L.       Black  Thorn.     Pear  Thorn. 
Common,  or  frequent,  throughout  the  state. 

€•  tomentosa,  L.,  var.  pyriiblia,  Gray.       Black  or  Pear  Thorn. 

Olmsted  county,  WineTuU;  American  portage,  near  the  international  boundary 
west  of  lake  Superior,  Maeoun, 

C«  tomentosa,  L.,  var.  punctata,  Gray.        Black  or  Pear  Thorn. 

Martin  county,  Cratty;  Olmsted  county  and  lake  Minnetonka,  Winchell;  Minne- 
apolis, Uphami  Pembina,  Chiehering.  Perhaps  the  typical  species  Is  less  common  than 
thefie  varieties. 

*B0BA  BLAKDA,  Ait.,  var.  PCJBE8CBNS,  Crepiu.  Leaflets  more  or  less  pubescent  on 
the  under  side  ;  upper  part  of  the  stems,  as  well  as  the  branches  and  flowering  branch- 
lets,  unarmed  or  nearly  so.    Crepin*8  Monograph. 

tRosA  BLAMDA,  Alt,  var.  BBTiGXBA,  Crepiu.  Leaflets  glabrous  or  pubescent  on  the 
under  side  ;  stem  not  ordinarily  more  than  a  foot  high,  entirely  covered  with  setaceous 
prickles.    Crepin^s  Monograph. 
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G.  subvillosa,  Schrader.    (C.  tomentosa,  L.var.  mollis,  Gray.)       Downy 
Thorn. 

Blue  Earth  county  (common,  becoming  a  tree  twenty  feet  high),  Upham;  New  TTIm, 
Juni;  Emmet  county,  Iowa  (rare),  OraUy;  Pipestone  quarry,  Mrs,  Bennett.  [North  ol 
lake  Superior,  Bell,  Maeoun.\ 

G.  Grus-gralliy  L.        Cockspur  Thorn. 

Winona,  Fillmore,  Mower,  Freeborn  and  Scott  counties,  and  the  Big  Woods, 
WineheU;  lake  Fepin,lfiM  Manning;  Dodge  county.  Harrington;  Rice  county,  Sperry; 
Hennepin  county,  Simmons;  Fish-hook  lake,  Cass  county,  and  the  White  Earth 
reservation,  Oarriaon.  ["  In  Manitoba  a  thorn  which  appears  to  b«  identical  with  this 
species  is  abundant."  Bell.] 

PIRUS  (Pyros),  L.         Peak.    Apple. 

P.  coronaria,  L.       American  Crab- Apple. 

Common  in  the  southeast  part  of  the  state ;  extending  west  to  the  Big  Woods,  and 
north  to  Ramsey  and  Hennepin  counties,  Wine?iell,  and  to  Crow  lake  in  southwestern 
Stearns  county,  Upham.   The  fruit,  though  bitterish,  is  frequently  used  for  sauce. 

P.  arbutifolia,  L.       Choke-berry. 

Frequent  from  Olmsted  county,  Harrington,  and  Faribault,  H  iss  Beane,  to  Minne- 
apolis, Roberts,  Anoka  county,  Juni,  and  the  St.  Croix  river.  Parry.      East. 

P.  arbutifolia,  L.,  var.  melanocarpa.  Hook.       Choke-berry. 

Pine  county  (common),  Upham;  north  of  lake  Superior,  extending  west  to  Sturgeon 
lake,  Dawson  route,  Moicoun.      East. 

P.  Americanay  DC.       American  Mouotain-Asb. 

Common  through  the  north  part  of  the  state :  extending  south  to  northern  Fine 
county,  and  to  Mille  Lacs.  **A  common  tree  north  of  lake  Superior,  attaining  consid- 
erable size.  Profe$aor  WineheU  collected  specimens  where  the  trunk  was  at  least  12 
inches  in  diameter,  and  perfectly  sound.  Others,  though  unsound,  were  15  and  16 
inches.'*   Roberts, 

P.  sanibucifoliay  Cham.  &  Schlecht.        Elder-leaved  Mountain  Ash. 

Common  northward;  extending  south  to  Itasca  lake.  Garrison,  and  T.  137,  R.  33, 
Wadena  county,  Upham;  and  rare  farther  south,  as  on  the  bluffs  of  the  Mississippi  at 
Winona,  WinchM. 

AMBLANCHIER,  Medic.       Junb-bbrrt. 

A.  Canadensis,  Torr.  &  Gray.    (Including  the  var.  Botryapiam,  Torr.  & 
Gray.)       Shad- bush.    Service-berry. 

Common  throughout  the  state.  (Usually  from  10  to  30  feet  high,  but  northeastward 
only  attaining  a  hight  of  10  feet  and  diameter  of  2y»  inches ;  used  by  the  Indians  for 
snow-shoe  frames.    Clark.) 

A.  Canadensis,   Torr.  &  Gray,    var.    oblon^ifolia,    Torr.    &  Gray. 
Service-berry. 
Common,  or  frequent,  throughout  the  state. 

A.  Canadensis,  Torr.  &  Gray.  var.  oligocarpa,  Torr.  &  Gray.       Service- 
berry. 
Loon  portage,  Dawson  route  (near  the  International  boundary).  Macoun.      North. 

A.  alnifolia,  Nutt  (A.  Canadensis,  Torr.  &  Gray,  var.  alnifolia,  Torr.  &  Gray.) 
Western  June-berry. 

Pembina,  ChtcJcering;  White  Earth  reservation,  Garrison;  Hennepin  county, 
Roberts;  Faribault,  Miss  Beane;  Lake  City,  ilfrs.  Bay.      Frequent. 
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SAXIFRAGACE J:.        Saxifrage  Family. 

RIB£S,  L.  CURBANT.     G008£BERBT. 

R.  Cynosbatiy  L.       Prickly  Wild  Gaoseberiy. 

Common,  often  abundant,  tliroughoat  Hie  state.  M «Bh  wed,  (at  mlao  the  follow- 
-  ing  smooth  species,)  before  fully  ripening,  for  sauce. 

[Of  B.  setosum,  Lindl.,  Prof.  Gray  writes;  **  I  suspect  that  this  species  inhabits  the 
northwestern  shore  of  lake  Superior.  Botauists  visiting  that  district  should  look  for 
a  species  with  pure  white  flowers,  a  half  inch  or  less  in  length,  with  cylindrical  tube, 
and  stamens  decideflly  shorter  than  the  lobes.  ...  It  takes  Its  name  from  the 
slender  scattered  prickles  on  the  branches ;  but  these  are  sometimes  wanting,  this 
being  an  inconstant  character  in  all  the  species.  The  young  berries  are  either  perfect- 
ly smooth  and  naked,  or  beset  with  a  few  bristly  prickles.  This  Is  the  R.  ozyacan- 
thoides  of  Hooker's  Flora,  but  certainly  not  of  Linnaeus.  It  belongs  to  the  Saskatchewan 
region,  extending  into  Montana  and  Wyoming."   Amerlean  NaturalUtt  vol.  z,  pp.  271  -2. 

R.  oxyacanthoides,  L.  (R.  hirtellum,  Michx.)       Smooth  Wild  Gooseberry. 
Common  throughout  the  state,  excepting  perhaps  southward,  in  which  direction  it 
extends  at  least  to  Goodhue  county,  Sandherg,  Faribault,  Mias  Btane,  and  Fergus  Falls, 
Leonard, 

R,  rotundifolium.  Michx.        Smooth  Wild  Gooseberry. 

Notes  by  observers  using  Gray's  Manual  give  this  as  common  through  the  south  half 
of  the  state,  and  leas  frequent  northward  to  the  St.  Louis  river,  Af  rs.  Herriek,  and  Grand 
Marais,  north  of  lake  Superior,  Roberts,  Further  investigation  is  needed,  however* 
to  decide  whether  B.  rotundifollum  occurs  in  Minnesota.  Just  as  this  is  being 
printed,  I  learn  from  Mr.  Arthur  that  Prof.  Gray  decides  specimens  of  the  common 
smooth  wild  gooseberry  In  Iowa  (before  regarded  as  B.  rotundifollum)  to  be  R.  graclle, 
Michx.  **B.  rotundifollum  Mlehx.  Is  a  species  of  the  Alleghany  Mountains,  ranging 
northward  and  eastward  into  New  York  and  the  western  borders  of  Massachusetts." 
iOray  in  American  NatuircMat,  vol.  x.)  Probably  most,  or  perhaps  all,  of  the  supposed 
observations  of  this  species  in  Minnesota  belong  instead  to  the  next. 

R.  grracile,  Michx.    (R.  Missouriense,  Nutt.)*       Missoari  Gooseberry. 
Lapham.      See  remarks  under  the  preceding  species. 

R.  lacustre,  Poir.        Swamp  Wild  Gooseberry. 

Lapham,      North  of  lake  Superior,  Juni,  Bohertg,      North. 

R.  prostratum,  L^Her.       Fetid  Currant.    Skunk  Currant. 

Common  north  of  lake  Superior,  Juni,  Roberts ;  St.  Louis  river,  Mrs,  Herrick;  upper 
Mississippi  river.  Garrison.      North. 

R.  lloridum,  L'Her.        Wild  Black  Currant. 

Common,  or  frequent,  throughout  the  state. 
B.  rubrum,  L.        Red  Currant 

Frequent  through  the  north  half  of  the  state  ;  extendlug  south  to  southeastern 
PiLC  county  and  Benten  county,  Upham,  Fish-hook  lake.  Cass  county,  Qarrison,  and 
Fergus  Falls,  Leonard, 

R.  aureum,  Pursh.        Buffalo  Currant,    Misaouri  Currant. 
Escaped  from  gardens :  Mankato,  Leiberg;  Minneapolis,  JErassttZ>e. 

*KiBE8  GBACILB,  Michx.  Flowers  i  to  4  on  the  slender  peduncle,  white  or  whitish, 
narrow,  with  calyx-lobes  longer  than  the  tube  and  shorter  than  the  half-inch  stamens ; 
filaments  almost  capillary,  generally  connivent  or  closely  parallel,  and  soon  conspicu- 
ously longer  than  the  oblong-linear  calyx-lobes ;  flower  with  barely  a  slight  tinge  of 
green  ;  berry  smooth,  large,  purple,  prized  in  cultivation  under  the  name  of  Missouri 
Gooseberry.  It  ranges  from  Tennessee  and  Illinois  te  the  northern  borders  of  Texas, 
and  northwestward  into  the  Bocky  Mountains.     Oray  in  American  Naluralist,  vol.  x. 
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PABNASSIA,  TouTD.       Gbass  of  Pabnassus. 

P.  parviflora,  DC.       Grass  of  Pamassas. 
North  shore  of  lake  Superior,  Maeoun, 

P.  palustrJs,  L.       Grass  of  Parnassus. 

North  shore  of  lake  Superior,  Juni;  Fort  Francis,  Rainy  river,  Macoun;  common  in 
the  Bed  river  valley,  along  the  Pembina  and  Fort  Garry  trails,  from  Tamarack  rirer 
northward  into  Manitoba,  Upham;  extending  southward  to  Steams  county,  Oarrteon, 
Jfrs.  BlaUdelL 

P.  GaroHniana,  Michx.       Grass  of  Pamassas. 

Common  through  the  south  half  of  the  state,  and  north  to  the  upper  Mississippi 
river,  Oarrison,  and  Polk  county,  Upham;  also,  lake  of  the  Woods,  Burgess  iMacoun), 
and  between  the  lake  of  the  Woods  and  Red  river,  "probably  about  the  northwestern 
limit  of  the  species,''  Dawson;  Pembina,  Havard. 


SAXIFBAGA,  L.       Saxifbaob. 

8,  tricuspidats,  Retz.       Saxifrafire. 

North  shore  of  lake  Superior,  doubtless  in  Minnesota ;  Isle  Royale,  Whitney, 

S.  AizoOD,  Jacq.       Saxifrage. 

North  shore  of  lake  Superior,  JIf  ocoun,  Ellis;  Isle  Royale,  Whitney, 

S«  Virgriniensis,  Michx.       Early  Saxifrage. 

lAipham,      Hastings,  Dakota  county,  Mrs.  Bay.      Rare. 

S.  Pennsylvanica»  L.       Swamp  Saxifrage. 
Common,  or  frequent,  throughout  the  state. 

SUIiLIVANTIA,  Torr.  &  Gray.       Sullivantta. 

8.  Ohionis.  Torr.  &  Gray.        Sullivaniia. 

Rock  bluffs  of  the  Mississippi  river,  near  Dakota,  Winona  county,  WineheU,   Rare. 

H£UCH£RA,  L.       Alum-boot. 

H.  Americana,  L.       Common  Alam-root. 

St.  Loui.^  river,  Houghton;  Cass  lake,  Schoolcraft;  Steams  county,  Campbell;  Still- 
water, Miss  Field;  Goodhue  county,  Sandberg;  lake  Pepin,  Miss  MamUng;  Winona 
county,  Holztnger.      Infrequent. 

li*  Mspida,  Pursh.       Alum-root. 

Common  through  the  south  half  of  the  sta|^,  and  in  the  Red  river  valley :  extending 
northeast  to  the  lake  of  the  Woods.  Dawson,  The  east  end  of  Rainy  lake,  Af ocoun,  and 
the  upper  Mississippi  river,  Oarrison. 

MITELLiA,  Toum.       Miteb-wort.    Bishop's-Gap. 

M.  diphylla;  L.       Two-leaved  Miter-wort. 

Common,  or  frequent,  through  the  south  half  of  the  state ;  extending  north  at  least 
to  Fergus  Falls,  Leonard,  Saint  Cloud,  Campbell,  and  the  north  shore  of  lake  Saperlor, 
Agassiz, 

M.  liuda,  L.       Naked  Miter- wort. 

Common  through  the  north  half  of  the  state ;  extending  south  at  least  to  Steams 
county,  CampbeU,  and  Minneapolis,  Boberts. 
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TIABELiLA,  L.       False  Miteb-wort. 

T.  cordifolia,  L.        False  Mifcer- wort. 

Lapham.       Lake  City,  MUa  Beane;  Blue  Earth  county,  Gtdge.      Infrequent. 

CHRYSOSPLENIUM,  Toorn.       Golden  Saxifrage. 

C.  Aiiiericanuin»  Scbwein.        Golden  Saxifrage. 

Lake  Superior  to  the  Mississippi,  HouglUon,  Stearns  county.  Mrs.  BlaUdeU,  In- 
frequent.      North. 

CRASSULACE^.       Orpinb  Family. 

f 

PENTHORUM,  Gronov.        Ditch  Stone-crop. 

P.  sedoideSy  L.       Ditch  Stone-crop. 

Common,  or  frequent,  through  the  south  part  of  the  state  ;  extentling  north  to  the 
upper  Mississippi  river,  Garrison, 

SEDUM.  Tourn.        Stonk-crop.    Orpink. 

S,  Telephium,  L.        Garden  Orpine.    Live-for-ever. 

Occasionally  escaped  from  cultivation,  Minneapolis,  UpJutm. 

HAMAMELACE.E.       Witch-Hazel  Family. 

HAMAMELiIS,  L.       Witch-Hazel. 

H.  Yirgriniana,  L.        Witch-Hazel. 

Lapham*  Southeastern  Winona  county,  between  Richmond  and  Dakota, 
Winchell.      Rare.      Southeast. 

HALORAGEiE.        Water-Milfoil  Family. 

MYRIOPHYLL.UM.  Vaill.        Water-Milfoil. 

M.  spicatuui,  L.       Water- Mil fdl. 
Frequent,  or  common,  throughout  the  state. 

M.  yerticillatum,  L.       Water-Milf.  il. 

Lapham,      blue  Earth  county,  LeiZJlrfif.    [In  Manitoba,  If acoun.]      Infrequent. 

M.  heterophylluiUy  Michx.       Wafer-Milfoil. 
Lapham.      Common  south  westward,  UpTuim. 

[Proaerpinaca  palustrls,  L.,  has  not  yet  been  observed,  but  It  probably  occurs  In 
this  state.] 

HIPPURIS,  L.        Mare's-Tail. 

H.  vulg-aris.  L.       Mare's-Tail. 

Frequent,  often  common,  through  the  north  half  of  the  state  ;  extending  south  at 
least  to  Little  Falls  (plentiful),  Upham,  Steams  county  (abundant),  Mrs.  BlaUdell^  and 
the  Minnesota  river  near  Traverse  des  Sioux,  Parry. 
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ONAGRACE^.        Evening-Primrose  Family. 

CIRC ^ A,  Tourn.       ENCHANTER's-NionTsnADE. 

C.  Lutetiana,  L.       Tall  Eochanter's-NifrhtBhade. 
Common  throughout  the  state. 

C.  alpiiia,  L.        Low  Enchanter's-Nif^htshade. 

Common  through  the  north  half  of  the  state  ;  extending  south  at  least  to  Anoka 
county,  Juni,  Mioneapolis,  Herrtck,  and  Lake  City,  Mrs,  Ray. 

GAUBA,  L.       Gaura. 

G.  biennis.  L.        Gaura. 

Lake  Pepln«  Miss  Manning.       Southeast. 

G.  coccinea,  Nutt.*       Gaura. 

Herman,  Grant  county,  Upham,  Roberts;  ridge  m^t  of  the  Red  river,  near  the  inter- 
national boundary  (infrequent),  Seott;  plains  of  the  Red  river,  Drummond,  Douglas. 

West. 

EPILOBIUM,  L.        Willow-herb, 

E.  gpicatum,  Lam.  (E.  angustifolium,  L.)        Great  Willow-herb.    Fire- weed. 
Common,  or  frequent,  through  the  forest  portion  of  the  state  ;  conspicuous  on  tracts 
of  burned  woodland.    A  canescent  variety,  besides  the  type,  occurs  at  the  lake  of  the 
Woods,  Dawson. 

E.  origanifolium,  Lai:.  (E.  alpinum,  L.,  var.  m^jus,  Wahl.)        Willow- 
herb. 

Winona  county,  HoUiiiger;  Minneapolis,  KoMuhc;  Minneopa  Falls,  Blue  Earth 
county.  Leiberg.      Rare  southward,  but  probably  frequent  northward. 

B,  palustre,  L.,  var.  lineare.  Gray.       Linear- leaved  Epilobium. 

Common,  or  frequent,  through  the  north  half  of  the  state,  and  southwestward ; 
rare  southeastward. 

E.  niolle,  Torr.        Downy  Willow-herb. 

Blue  Earth  county,  Leiberg;  Minneapolis,  iStmmorw;  Anoka  county,  Juni.  In- 
frequent. 

E.  coloratum,  Muhl.        Willow-herb. 

Common  throughout  the  state,  especially  northward. 

CENOTHEBA,  L.       Evening-Primrose. 

CE.  biennis,  L.        Common  Evening- Primrose. 
Common  throughout  the  state. 

CE.  biennis,  L  ,  var.  ^randiflora,  Lmdl. 

At  the  northwest  side  of  Mllle  Lacs,  Upham.  [The  var.  muricata,  Lindl.,  also  quite 
certainly  occurs  in  this  state.] 

*6aura  coccinxa,  Nutt.  Canescent,  puberulent  or  glabrate  ;  stems  suffructlcose 
and  fastlgiately  branched  from  the  base,  6  to  12  Inches  high,  very  leafy,  ascending ; 
leaves  lanceolate,  linear-oblong  or  linear,  repand- denticulate  or  entire,  6  to  12  lines 
long,  closely  sessile ;  flowers  in  simple  spikes  terminating  the  leafy  branches,  rose- 
color,  turning  to  scarlet;  bracts  linear,  rather  persistent,  longer  than  the  ovaries; 
eal}x-segments  linear-oblong,  shorter  than  the  narrow  infundlbuUform  tube,  as  long  as 
the  roundish,  ungulculate  petals  ;  fruit  elliptical,  sessile,  short,  terete,  4-sided  above. 
Porter  and  CoiUter's  Flora  of  Colorado. 
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€B.  rhombipetala,  Nutt.       Evening-Primrose. 

Frequent  through  the  south  part  of  the  state ;  extending  north  to  Minneapolis, 
Boberts,  Anoka  eounty,  Jufii*  and  Steams  county,  Garrison ;  but  not  found  in  the  Bed 
river  valley,  Upham, 

€B.  fk>utico8a,  L.         Sondrops. 

Upper  Mississippi  river,  Garrison.      Rare.      South. 

<£.  pumila,  L.^Including  CE.  chiysantba,  Michz.)       Small  Eveningr- Prim- 
rose. 
Throughout  the  state,  but  Infrequent.       Lake  of  the  Woods  Dawson^  Burgess;  up- 
per Mississippi  river,  Qarrison;  Goodhue  county,  Sandberg;  Lake  city,  Mrs.  Ray; 
Hesper,  Iowa,  If  rs.  Carter;  Pipestone  county,  Mrs.  Bennett, 

OB.  serrulata,  Nutt.       Evening-Primrose. 

Ck>mmon  in  all  the  prairie  portion  of  the  state ;  abundant  in  the  Red  river  valley; 
extending  northeast  to  the  upper  Mississippi,  Houghton. 

<£.  alblcaulis,  Natt.*       White,  shrabby  Evening- Primrose. 

Brown's  Valley  (petals  white,  l  inch  lonfc),  Upham;  near  Muskoda,  Clay  county. 
Leiherg;  Pembina,  Havard.       West. 

LUDWIGIA,  L.       False  Loobbstrifb. 

Ij.  polycarpa.  Short  &  Peter.       False  Loosestrife. 

Lake  Pepin,  Miss  Manning;  White  Bear  lake,  Ramsey  county,  Simmons,  Rare. 
Southeast. 

Ij.  palustris.  Ell.        Water  Purslane. 

Bt  Croix  river.  Parry;  ^lue  Earth  county,  Leiberg.  [Saskatchewan  river,  Richard- 
son.]      Infrequent. 


LTTHRACEiE.        Loosbstrifb  Family. 


DIDIPLIS,  Raf.       Didiplis. 

!>•  linearis,  Raf.  (Ammannia  Nuttallii,  iiray.)       Didiplis. 
Minnesota,  T.  J.  Hale,  in  Gray*s  Manual.      Southeast. 

IjYTHBUM,  L.       Loosestrife. 

Li.  alatuin,  Pursh.        Loosestrife. 

Common,  or  frequent,  through  the  southern  third  of  the  state ;  extending  north  to 
Steams  county,  Mrs.  BUiisdell,  and  the  upper  Mississippi  river,  Oarrison. 

[Nesaea  vertieellata,  HRK.,  which  occurs  on  the  upper  St.  Croix  river  In  Wiseon- 
sln,  should  be  looked  for  in  the  adjoiuing  part  of  Minnesota.] 

HRtfomsHA  ALBiOAUUS,  Nutt.  Perennial,  puberulent  or  hirsute ;  stems  usually 
1  to  3  feet  high,  erect  or  ascending,  with  a  white,  membranous,  shining  bark ;  leaves 
very  variable,  linear  or  lauceolate,  attenuate  at  the  base,  entire  or  more  or  less  dentate; 
petals  round -ovate,  more  or  less  ungulculate,  entire,  exceeding  the  stamens  and  equal- 
ing the  pistil,  often  nearly  white  ;  capsule  thickened  at  base,  sessile,  linear,  divaricate, 
often  flexuous  or  deflexed ;  seeds  rather  small,  linear-lanceolate,  smooth.  Porter  and 
CovZter*s  Flora  of  Colorado. 
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CACTACE.E.        Cactus  Family. 

OPITNTIA,  Toum.       Pbickly  Pbab.    Ikdxak  Fig.    "Cactus." 

O.  RafinesQUii,  Eacdbn.       Vadkly  Pear. 

On  roelu  :  at  Taylor's  Palls,  Miss  Field,  Miss  Cathcart;  In  section  17.  Haven,  Sher- 
burne county,  UpTkim;  Bedstone,  near  New  Ulm,  Jun{.  Bare.  South.  (The 
**prickly  pear"  whloh  Keating  and  Sir  John  Bichardson  mention  as  abundant  on  the 
islands  of  the  lake  of  the  Woods  is  probably  Echinocystis  lobata.    Macoun.) 

O.  3Iissouriensis»  DC.      'Prickly  Pear. 

Section  17,  Omro,  Yellow  Medicine  county,  Upham;  Pipestone  county  (plentiful  at 
the  Pipestone  quarry),  Ifrs.  Bennett,  determined  by  Dr.  £nireZf}iann.      Bare.      South. 

O.  fraffilis.  Haw.*        Prickly  Pear. 

Plentiful  at  theplpestone  quarry,  Pipestone  county  ('^joints  small,  terete,  with  a  ter- 
minal habit  of  growth,  making  them  somewhat  like  a  string  of  beads'Oi  ^rs.  Bennett, 
determined  by  Dr.  £n(7elmann,*  Bedwood  Falls,  iCiM  Butler.  Bare.  Southwest. 
(The  range  of  this  species  Is  principally  westward,  on  the  upper  Missouri  and  Yellow- 
stone and  thence  south ;  but  It  occurs  very  rarely  and  locally  farther  east,  being  re- 
ported hySwezei/f  at  Baraboo,  Wisconsin ) 

CUCURBITACEiE.         Gourd  Family. 

SICYOS,  L.       Oke-Sredbd  Stab-Cucumbbr. 

S.  angrulatiis^  L.       One-seeded  Star-Cucumber. 

Frequent  through  the  south  part  of  the  state ;  extending  north  to  St.  Croix  Falls, 
Miss  Field,  and  Steams  county,  Oarrison, 

ECHINOCYSTIS,  Torr.  &  Gray.       Wild  Balbam-applb. 

E,  lobata,  Torr.  &  Gray.       Wild  Balsam-apple. 

Common,  or  frequent,  through  the  south  half  of  the  state,  and  In  the  Bed  river 
ralley;  extending  northeast  to  MUle  Lacs,  Upham,  the  upper  Mississippi  river, 
Oarrison,  the  lake  of  the  Woods,  Dawson,  and  Fort  Francis,  Balny  river,  Macoun. 

UMBELLIFER.E,        Parsley  Family. 

HITDBOCOTYLE,  Tourn.        Watkb  Pbnktwort. 

H.  Americana,  L.       Water  Pennywort. 
Lapham.      Falls  of  the  St.  C'rolx,  Parry.      East. 

H.  umbellata,  L.       Water  Pennywort. 

North  shore  of  lake  Superior,  JunU  Bare .  East.  [This  species  also  occurs  In 
Michigan.] 

*Opuvtia  fbaoius.  Haw.  The  Joints  are  small,  ovate,  compressed  or  turned,  or 
even  terete ;  4  larger  spines  on  the  upper  fully  developed  pnlvllll  cruciate,  the  upper 
one  6uberect,  stouter  and  longer  than  the  others,  mostly  yellowish-brown ;  on  the 
lower  margin  4-6  small  white  radiating  spines ;  bristles  few.  Fruit  apparently  some- 
what fleshy,  getting  dry  much  later  with  20  to  2S  pulvllll,  almost  naked,  only  the  upper 
ones  with  a  few  short  spines ;  seeds  few,  large,  regular.  Engelmann  and  Bigelow,  In 
Pacific  Railroad  Report, 
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SANIOULiA.,  Tourii.       Saniclk.     Black  Snakeroot. 

S.  Canadensis,  L.         Sanicle.    Black  Snakeroot 

Common,  or  frequent,  through  the  south  part  of  the  state  ;  extendi og  north  at  least 
to  Pine  and  Sherburne  counties  (common,)  Upham,  and  Stearns  county,  Campbell. 

S.  Marylandica,  L.       Saoicle.    Black  Snakeroot. 
Common,  or  frequent,  throughout  the  state. 

E BYNGIUM ,  Tourn.        Eryngo. 

E.  yuccaefolluni,  Michx.        Rattlesnake- Master.    Button  Snakeroot. 

Common  southeastward ,-  extending  north  to  Rice  and  Nicollet  counties,  and  west 
to  Martin  county  and  the  southeast  part  of  Brown  county,  Upham. 

DAUCUS,  Tourn.        Carrot. 

D.  Carota,  L.        Common  Carrot, 

Occasionally  spontaneous  :    Nicollet  county,  Ailon;  Lake  City,  Miis  Manning. 

CARUM,  L.        Caraway. 

C.  Car^^i,  L.*        Common  Caraway,  • 

**8elf-seeding"  northeastward,  Clark;  not  infrequently  adventlve,  Todd,  Isanti  and 
Steele  counties,  Upham, 

POIiYT^NIA,  DC.  POLYTiKNIA. 

P.  Nuttallii,  DC,        Polytsenia. 
Lapham.      Rare.       South. 

HER AOLEUM ,  L .       Cow-  Parsnip. 

H.  lanatum,  Michx.        Cow-Parsnip. 

Frequent  throughout  th»  state;  abundant  north  of  lake  Superior. 

PEUCEDANUM,  L.       Pbucedahum.    Hog'b-Fbnnbl. 

P.  nudicaule,  Nutt.t        Peacedanum.    Hofir's-Fennel. 

Kock  county,  LetberQ;  extending  northeast  to  Saint  Cloud,  Stearns  county  ( bluff  of 
Mississippi  river,  near  the  Normal  School)  Mrs,  Blaisdell,  determined  by  Prof.  J  8a  Oray, 
"  Abundant  on  gravelly  drift  knolls  in  southwestern  Minnesota  and  northwestern  Iowa; 
remarkable  for  being  the  earliest  flowering  plant  of  that  region,  blooming  almost  as 
soon  as  the  snow  has  disappeared."   Lciberg.      Southwest. 

*Carum  Carui,  L.  Finely  plnnately  compound  leaves ;  stem-leaves  with  slender  but 
short  thread-shaped  divisions  ;  white  flowers:  oblong,  highly  aromatic  fruit.  Oray*8 
Fieldf  Forest,  and  Garden  Botany. 

tPsoCBDANUM  MUDicAULS,  Nutt.  Caulcscent  or  sometimes  scarcely  so,  minutely 
pruinose-pubescent,  3  to  15  inches  high  ;  leafy  only  at  base ;  leaves  blplnnate  or  ter- 
nate-bipinnate,  the  segments  incisely  lobed  with  usually  rather  broad  and  subacute 
divisions ;  umbel  somewhat  capitate  in  flower,  with  8  to  12  rays  ;  Involure  none ;  invo- 
lucels  unilateral,  of  6  to  10  membranously  margined,  more  or  less  united  bracts  ;  petals 
white,  with  attenuated  apex  and  quasl-obcordate ;  calyx-teeth  short ;  fruit  pubesoent, 
broadly  oval,  3  to  4  Hues  long  and  3  lines  broad,  the  thlcklsh  wing  more  than  half  as 
wide  as  the  seed  ;  vittae  3  in  the  Intervals,  6  upon  the  commissure,  conspicuous ;  seed 

flattened As  observed  by  Dr,  Gray,  the  plant  does  not  accord  with  NuttalPs 

description,  nor  In  all  respects  with  the  characters  of  the  genus ;  the  lateral  wings, 
however,  are  contiguous  until  the  full  maturity  of  the  seed.  WaUon*8  Rep.  in  King^a 
Expl,  of  the  Fortieth  Parallel. 
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PASTINACA,  Toum.       Pabsnip. 
P.  sativat  L.    (Peucedanum  sativum^  Benth.  &  Hook.)        Common  Parsnip. 
Occasionally  adventive  throughout  the  state.    [Common  in  Manitoba,  Macoun,"] 

ABCH£MORA,  DC.       Cowbane. 

A.  rigridaf  DC.        Cowbane.    Water  Dropwort. 

Upper  Mississippi  river,  QaiTistm;  Wabasha,  Qibwn;  Hesper,  Iowa,  4frs.  Carter, 
(The  var.  amblgua,Torr.  &  Gray,  probably  also  occurs  in  Minnesota.  Arthur.)  Infre- 
quent.     South. 

.CYMOPTERUSi  Raf.        Cymopterus, 

C .  grlonieratus ,  Raf.*       Cymopterus. 

"Bend  of  Red  river"  [at  Breckenridge],  I<ai)7iam  (according  to  his  ticket  of  speci- 
mens In  the  herbarium  of  Harvard  college,  Watson).      West. 

ABCHANOELIGA,  Hoffm.        Abchanoeuca. 

A.  hirsuta.  Torn  &Gray.        Archanprelica. 

Anoka  county,  Juni;  lake  Pepin,  Jliss  3fannina.      Rare.      South. 

A.  atropurpurea,  Hoffm.       Great  Angelica. 

Common,  or  frequent,  through  tlie  north  half  of  the  state,  excepting  perhaps  far 
northwestward;  found  in  Clay  county  in  the  Bed  river  valley,  Oedge;  extending  south 
to  lake  Pepin,  JMf^^Jhf anntn<7t  Cannon  River  Falls,  Blake,  Sandberg,  and  New  Ulm, 
Juni. 

SELINUM,  L.        Hbmlock-Parsley. 

S.  Canadense,  Michx.    (Conioselinum  Canadense,  Torr.  &  Gray.)        Hem- 
lock-Parsley. 
Upper  Mississippi  river,  Oarriaon.      Rare. 

^THUSA,  L.       Fool's  Parsley. 

jE.  Cynapium,  L,        FooVs  Parsley, 

Near  Lake  City,  3fis8  Manr^ng;  Nicollet  county,  Aiton.      Rare.      South. 

^Cymoftebus,  Raf.  Calyx-teeth  rather  prominent  and  setaceous  or  lanceolate, 
minute  or  obsolete.  Petals  ovate,  oblong  or  oblanoeolate,  Inflexed,  quasi -emarginate. 
Disk  flattened  aroand  the  styles,  undulate-margined.  Fruit  ovate  or  elliptical,  obtuse 
or  retuse,subterete  or  slightly  compressed  dorsally  ;  carpels  semi-terete;  ribs  thick  and 
elevated,  all  or  only  the  lateral  ones  or  those  opposite  to  the  calyx-teeth  expanded 
Into  wings ;  vlttse  numerous,  narrow.  Carpophore  2-parted,  free  or  attached  to  the 
carpels.  Seeds  much  compressed  dorsally  and  more  or  less  coneave  on  the  face.— 
Perennial  and  subcaespltose,  with  a  thickened  caudex ;  leaves  plnnately  decompound, 
with  narrow,  small  or  indsely  pinnatifld  segments;  umbels  compound,  usually  few- 
rayed  ;  Involucral  bracts  l  to  2  or  none;  of  the  involucels  several,  very  narrow  or  broad 
and  membranous ;  flowers  white  or  yellow.    Benth.  A  Hook. 

Cymoptbbus  GLOMBBATUB,  Raf.  Root  thick  and  fuslfonn ;  plant  3  to  8  inches 
high  ;  caudex  about  l  inch  high,  sometimes  divided,  bearing  the  leaves,  and  peduncles 
at  the  summit;  leaves  on  long  petioles  temately  divided  and  bipinnatifld,  segments 
oblong-linear;  rays  of  the  umbel  4  to  6,  very  short;  peduncles  much  shorter  than  leaves, 
6  to  12  lines  long ;  flowers  white,  those  of  the  center  abortive,  pedicellate  ;  leaflets  of 
the  palmately  5-  to  7-  parted  Involucel  coherent  at  base  and  partly  adnate  to  the  rays  of 
the  umbellets ;  calyx-teeth  subulate  ;  fruit  elliptical,  4  lines  long,  wings  thickened  and 
somewhat  spongy,  more  or  less  obsolete;  vittae  in  each  interval  3  or  4,  in  the  commissure 
about  8.    Porter  and  Coulter's  Flora  of  Colorado. 
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THASPIUM,  Nutfc.       Mbadow-Parsnip. 

T.  barbinode,  Nutt.       Meadow- Parsnip. 

Blue  Earth  river.  Parry;  Minneapolis,  Roberta,  Upham;  excenling  north  to  the 
upper  Mississippi  river,  Qarriaon.      South. 

T.  aureum,Natt.        Meadow-Parsnip. 

Ck>minon  through  the  south  half  of  the  state ;  extending  north  to  the  upper  Mis> 
slssippi  river,  Oarrtaon,  and  Sand  Hill  river,  Upham;  Pembina,  Chkkering,  Havard, 

T.  aureum,  Nutt.,  var.  apteruin^  Gray.        Meadow-Parsnip. 

Minnesota  river,  Parry;  abundant  in  Martin  county,  and  In  Emmet  county,  Iowa. 
Crattjf.     Perhaps  the  more  common  form  of  the  species.      South. 

T.  trifoliatuniy  Gray.       Meadow- Parsnip. 

Common  through  the  south  half  of  the  state  and  northwestward ;  extending  north- 
east to  the  upper  Mississippi  river.  Garrison. 

T.  trifoliatum,  Gray,  var.  apterum,  Gray.       Meadow-Parsnip. 

Common  throughout  the  Bed  river  valley  (the  prevailing  representative  of  this 
genus  north  of  Sand  Hill  river),  Upham;  and  common  in  Emmet  county,  Iowa,  ('ratty. 
Probably  the  most  frequent  form  of  the  species  in  this  state.  (The  var.  atropurpureum. 
Gray,  doubtless  also  occurs  here,  but  must  be  rare.) 

PIMPINELIiA,  L.       Burnet  Saxifrage.    Golden  Alexanders. 

P.  inte^errima,  Benth.  &  Hook.    (Ziziaintegerrima,  DC.)      Golden  Alex> 

andere. 

WiDOna  county,  Holzinger;  lake  Pepin,  Mise  Manning;  Faribault,  MiM  Bcane; 
Martin  county  (plentiful),  Cratty;  Bed  river  valley  near  Moorhead,  Leihery»      Local. 

CICUTA,  L.       WATER-HEinx)CK. 

C.  maculata,  L.       Spotted  Cowbane.    Musquash  Boot.    Beaver-Poion. 

Common,  or  frequent,  throughout  the  state  ;  abundant  in  the  Bed  river  valley.  The 
roots  of  this  and  the  folio  wing  species  are  deadly  poison. 

G.  virosa ,  h»*       Water- Hemlock.        Musqaash- Poison. 

Pembina,  Bed  river  valley  C'this  species  exhibits  forms  running  toward  C. 
maculata,")  Chickeriny;  frequent  from  the  Bed  river  westward,  on  wet  spots  on  the 
prairie,  Macoun.         Northwest. 

G.  bulbifera,  L.       Bulb-bearing  Water-Hemlock. 

Throughout  the  state  :  common  northward,  infrequent  southward . 


*CicoTA  VIR08A,  t^.  Boot-flbrcs  slender.  Bootstock  short,  hollow,  with  trans- 
verse partitions.  Badlcal  leaves  bininuate ;  ultimate  leaflets  or  segments  strapshaped- 
elliptical,  entire  or  cleft,  coarsely  and  unequally  serrate.  Stem  erect,  branched,  hol- 
low, 1  to  4  feet  high.  Lower  leaves  very  large,  triangular  or  lanceolate  in  outline,  on 
thick,  hollow  petioles,  with  the  pinnae  again  pinnate  ;  the  secondarv  plnnze  undivided 
or  2'  or  3-clef t  or  partite  or  pinnatlfld,  l  to  3  inches  long,  varying  in  breadth  from  H  to 
9i  inch ;  stem-leaves  much  smaller  and  less  compound.  Umbels  flat-topped,  lax, 
stalked,  terminal  or  (from  the  growth  of  an  axillary  branch)  opposite  the  leaves;  raya 
of  the  umbels  l  to  2  inches  long ;  pedicels  U  to  %  inch  long.  Involucre  none  ;  Involu- 
eel  of  numerous  linear  tapering  leaves,  shorter  than  the  flowers.  Flowers  H  inch 
across,  white.  Calyx-teeth  ovate,  much  shorter  than  the  petals,  persistent.  Petals 
roundlsh-obovate,  spreading,  slightly  notched,  with  a  small  inflexed  lobe.  Cremocarp 
with  the  breadth  greater  than  the  length,  which  is  one-tenth  inch,  reddish-brown,  with 
the  vlttse  apparent  when  dry ;  ridges  broad,  little  elevated ;  styles  long,  reflexed. 
Sowerl)y*8  English  Botany,  vol.  iv. 
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SIUM:,L.       Water-Pabsnip. 

S.  cicat8efoliuin,Gmelm.    (S.  lineare,  Michx,)       Water-Parsnip. 
Common,  or  frequent,  throughout  the  state. 

BERUJL A ,  Koch.       Watek-Parsnip. 

B.  angrustifolia,  Koch.    (Slum  angustifolium,  L.)       Water-Parsnip. 
Cold  sprlDgs,  Mankato  and  Kaaota,  J^eiherg.      Infrequent.      South. 

CRYPTOT^NIA,  DC.       Honbwort. 

G.  Canadensis,  DC.       Honewort. 

Common  through  the  south  part  of  the  state,  extending  north  to  the  upper  Missis- 
sippi river ;  Fond  du  Lac,  at  west  end  of  lake  Superior.  Mrs.  HerHck, 

OSMORRHIZA,  Raf.         Sweet  Cicely. 

O.  longistylis,  DC.       Smoother  Sweet  Cicely. 
Common  throughout  the  state. 

O  •  brevistylls ,  DC.        Hairy  Sweet  Cicely. 
Frequent  throughout  the  state. 

CONIUM.  L.       Poison  Hemlock. 

C  maculatuM,  L.       Poison  Hemlock, 

Red  rl?er  valley  near  Saint  Vincent,  Scott .      Infrequent. 

ARALIACEiE.        Ginseng  Family. 

ARAIjIA,  Toum.       Ginbeno.    Wild  Sarsaparilla. 

A.  raoemosa,  L.       Spikenard. 

Frequent  throughouc  most  of  the  state ;  common  In  Todd,  Steams  and  Brown, 
ooanties ;  rare  far  northward. 

A.hispida,  Vent.       Bristly  Sarsaparilla.    Wild  Elder. 

Common  along  the  north  shore  of  lake  Superior,  Roberts,  Juni;  extending  south  to 
the  Falls  of  the  St.  Croix,  Parry,  and  to  Dakota  county  (frequent),  Upham .    Northeast 

A.  nudicaulls,  L.       Wild  Sarsaparilla. 
Common  throughout  the  state. 

A.  qaiaquefolla,  Decaisne  &  Planch.        Qinseng. 

Throughout  the  state,  excepting  perhaps  northwestward;  local,  wanting  in  some 
districts,  rare  far  nortbward ;  frequent,  occasionally  abundant,  in  the  region  of  the 
upper  Mississippi,  and  in  Mille  Lacs,  Pine,  Aooka,  Hennepin  aud  Brown  counties. 
Large  quantities  of  the  aromatic,  medicinal  root  of  this  plant,  mostly  dug  by  the  Chip- 
pewa Indians,  are  bought  every  year  in  the  nortli  part  of  the  state,  the  price  being 
about  a  dollar  per  pound .  It  is  mostly  exported  to  China ;  and  the  annual  exportation 
of  this  article  from  the  United  States^  mainly  from  Pennsylvania,  West  Virginia,  Ohio, 
Michigan,  Wisconsin  and  Minnesota,  amounts  to  about  $700,000.  U.  S.  AQricvltural 
Report  for  1877,  p.  645. 

A.  trifolia,  Decaisne  &  Planch.       Dwarf  Ginsenfr.    Groand-nut. 

East  part  of  the  state,  extending  north  to  Pine  county,  Clark;  lake  Pepin,  Miss 
Manning;  Nicollet  county,  Leiherg. 
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COENACEiE.        Dogwood  Family. 

CORNUS,  Tourn.       Cornel.    Dogwood. 

C.  Canadensis,  L.        Dwarf  Cornel,    Bunch-berry. 

Abundant  tbrough  tJie  north  part  of  the  state ;  extending  south  to  Fergus  Falls, 
Leonard,  Wadena  county,  Uphamt  Minneapolis*  Winchell^  Roberts,  and  Saint  Paul 
(rare),  MUa  Catheart;  rare  and  loeal  farther  southeast,  as  In  Wabasha  county,  Holzin- 
ger.  Miss  Manning. 

G.  circinata,  UHer.        Round -leaved  Dofirwood. 
Frequent,  occasionally  common,  throughout  the  state. 

O.  sericea,  L.        Silky  Cornel.    Einnikinnick. 

Frequent  throughout  the  state,  excepting  far  northward.  The  Inner  bark  of  this 
and  the  next  following  species,  the  leaves  of  the  bearberry  ( Arctostaphylos  Uva-ursf). 
and  leaves  of  sumach,  gathered  when  they  turn  red,  are  each  used  by  the  Indians, 
under  the  name  Kinnikinnick,  to  mix  with  their  tobacco  for  smoking.  Parry  states 
that  the  bavk  of  this  species,  wherever  It  is  found.  Is  preferred  for  thb  purpose  ;  and 
that  the  bark  of  the  next  Is  commonly  substituted  for  it  by  the  Indians  about  lake 
Superior. 

C.  stolonifera,  Michx.       Red-osier  Dogwood.    Einnikinnick. 

Abundant  through  the  north  half  of  the  state,  and  common  southward  to  Winona 
and  Mower  counties,  WincheU.  and  Blue  Earth  county,  Upham;  but ^aroely  reaching 
into  Iowa  (in  Emmet  county,  rare,  Cratty).  The  name  of  the  Redwood  river,  which  Is 
a  translation  of  Its  original  Indian  name,  is  said  by  Prof.  A.  W.  Williamson  to  be  prob- 
ably derived  from  this  or  the  preceding  species  of  Klnnlklnnick. 

C.  asperifolia,  Michz.       Rou^h-leaved  Dogwood. 

Blue  Earth  river,  Parr|/,i:/e(&er0r;  Gannon  River  FbXIs,  Blake,  Sandberg;  Hesper, 
lowa(common),  Mrs.  Carter.       South. 

€•  panlculata,  L'Her.        Panicled  Cornel. 

Common  through  the  south  half  of  the  state,  and  in  the  Red  river  valley ;  the  most 
plentiful  species  of  cornel  in  the  Big  Woods;  extending  north  to  Todd  and  Wadena 
counties  (common),  UpTiam,  but  not  reported  In  the  region  of  the  upper  Mississippi 
jriver  and  northeastward. 

C.  altemifolia,  L.       Alternate-leaved  Cornel. 

Frequent,  occasionally  common,  thraughout  the  state,  excepting  far  northward, 
where  it  is  rare  (at  Poplar  river,  north  of  lake  Superior,  Juni). 

CAPRIFOLIACE.E.*        Honeysuoele  Family. 

IjINNjiEA,  Gronov.       Linn^a.    Twin-flower. 

Li.  borealis,  Gronov.        Linnssa.    Twin- flower. 

Abundant  north  of  lake  Superior  and  thence  to  the  sources  of  the  Mississippi  and 
northward  ;  St.  Louis  river  (usually  having  Ave  perfect  stamens),  Mrs.  Herriek;  extend- 
ing southwest  to  Wadena  and  Todd  counties,  Upham,  and  south  to  Minneapolis  (at 
lake  Calhoun),  Roberts.    In  the  northeast  part  of  the  state,  "this  pretty  little  plant,  the 

^Advance  sheets  of  anew  part  of  Professor  Gray's  Synoptical  Flora  of  Xorth 
America  (Vol.  I,  Part  II ;  CaprlfollaceaB  to  Composltse,  inclusive),  kindly  sent  by  him 
while  this  catalogue  was  in  process  of  being  printed,  have  supplied  very  important  cor- 
rections, especially  in  synonymy,  as  well  as  numerous  additions,  and  valuable  aid  in 
the  statements  of  geographic  range. 
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Dwarf  Gorael  and  the  GUntonia  are  the  most  common  small  floweriog  plants  found  In 
the  moss-carpeted  forest."   RohtrU. 

SYMPHOKIGABPOS,  Dill.       Snowbbrrt. 

S,  oecidentalis,  Hook.       Wolf  berry. 

Common,  often  abundant,  through  the  south  half  of  the  state;  and  northwesterly 
from  Wadena  county  to  the  Red  river  yalley,  Upham,  and  the  lake  of  the  Wo6ds,  Daw- 
Bon;  infrequent  northeastward.  [North  of  lake  Superior,  AgasBiz,] 

S.  raoemogus,  Michx.       Snowberry. 

Lake  Pepin,  Mi8$  Manning;  sources  of  the  Mississippi,  Houghton,  Oarrison;  Bed 
river  valley,  Scott,      North. 

S.  racemosiis,  Michx.,  var.  paucffloras.  Bobbins.       Snowberry. 

Lake  Pepin,  Mist  Manning;  Minneapolis,  WincheU;  Stillwater,  Miss  Field;  Bed- 
wood  Falls,  Pemberton;  Isanti,  Orow  Wing  and  Wadena  oonnties,  Upham,      North. 

S.vulsraris,  Michx.        Indian  Carrant.    Coral-berry. 

Lake  Peptn.  Miss  Manniing;  Bine  Earth  county,  Leflberg;  Hennepin  county,  Her- 
riclc;  upper  Mississippi  river,  GorrCsofi.      Bare.      South. 

^^  • 

IiONICEBA,L.       HoBETSUCKLB.    Woodbine. 

[L.  grata.  Ait,  has  heen  several  times  reported  in  this  state ;  but  Gray's  Synoptical 
Flora  of  N.  A,  shows  that  these  references  doubtless  belong  to  some  other  species.] 

It.  SuUivantii,  Gray.    (L.  flava,  in  part,  Gray^s  ManitaL)      Yellow  Honey - 
sackle. 

Winona  county,  HoUsglnger;  Lake  Gity,  Miss  Manning;  Cannon  Biver  Falls,  Blake, 
Sandberg;  Hennepin  county,  WincheU;  Fergus  Falls,  Leonard. 

li.  gls^ucB,,  Hill.  (L.  parvifiora,  Lam.,  and  var.  Dougla^i,  Gray^  in  Manual,) 
Yellow  Honeysuckle.  Crimson  Honeysuckle. 
Common,  or  frequent,  throughout  the  state.  This  species  with  "crimson  or  deep  dull 
purple"  flowers  has  been  noted  by  many  observers  In  all  parts  of  the  state  as  a  distinct 
variety,  but  Gray's  Synoptical  Flora  of  N.A,  does  not  separate  it  from  the  type  with 
greenish  yellow  flowers. 

li.  birsuta,  Eaton.       Hairy  Honeysuckle. 

Lake  Superior  to  the  source  of  the  Mississippi,  Houghton ;  common  north  of  lake 
Superior,  JuM ;  Carlton  county,  Boberfs ;  Pembina,  Chickering,  Havard,      North. 

Ii«  involucrata,  Banks.       Involucrate  Honeysuckle. 

Isle  Boyale,  lake  Superior ;  doubtless  also  in  northern  Minnesota. 

Ii«  ciliata,  Muhl.       Fly-Honeysuckle. 

North  of  lake  Superior,  Juni;  Hennepin  county,  WincheUj  frequent  at  Hesper,  Iowa, 
Mrs.  Carter. 

Li.  cserulea,  L.       Mountain  Fly  Honeysuckle. 

North  shore  of  lake  Superior  (swamp near  Port  Arthur),  Maecuni  doubtless  in  north- 
eastern Minnesota. 

li.  oblongrifolia,  Hook.       Swamp  Fly- Honeysuckle. 
Kanabec  county,  Uphaan.      North. 

DIEB  VIL  L  A ,  Tonrn.        Bubh-Honbtsuckle. 

I>.  trifida,  Moench.       Bush-Honeysuckle. 

Througloat  the  state;  common,  often  abundant,  northward,  and  frequentlsouth- 
ward. 

6P 
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TRIOSTEUM,  L.       Fever- wort.    Horse- Gentian. 

T.  perfollatuin,L.       Fever- wort.    Horse-Gentian. 

Frequent  (hroDgh  the  soath  part  of  the  state;  extending  north  to  Steams  and  Todd 
counties,  Upham. 

ADOXA,  L.  MOSOHATEL. 

A.  Moschatellina,  L  *       Moschatel.    Holiow-root.    Mask  Crowfoot. 

Beside  Boiling  Stone  creek,  three  miles  west  of  Minnesota  City,  'Wlnooa  county, 
HoMnger;  Yasa,  Goodhue  county,  Sandberg .  Bars.  (Also  found  at  Deeorah,  Iowa, 
and  on  the  Bocky  mountains  In  Colorado ;  common  far  north  In  British  America.) 

SAMBUCUS,  Toum.       Elder. 

S.  Canadensis,  L.       Common  Elder.    Sweet  Elder. 

Common,  or  frequent,  through  the  sonth  half  of  the  state,  and  rare  northwesterly 
to  Otter  Tail  and  Becker  counties. 

S.  racemosa,  L.    (S.  pubens,  Micfax.)       Bed-berried  Eider. 
Common,  or  frequent,  throughout  the  state. 

VIBURNUM,  L,       Akrow-wood.    Laurestinus. 

Y.  LentaSTO,  L.       Sweet  Yibnrnaia.    Sheep-berry.    Black  Haw. 

Common  through  the  south  half  of  the  state ;  extending  north  at  least  to  Cass 
county  (Fish-hook  lake)  and  the  White  Barth  reservation,  QcurriBon,  and  to  Pembina, 
Chiehefino^  Scott,  Havard. 

Y.  cassinoides,  L.    (V.  nudum,  L.,  var.  cassinoides,  Torr.  &  Gray.) 
Withe-iod. 
Upper  Mississippi  river  and  White  Earth  reservation,  Qarriaon. 

Y.  dentatum,  L.       Arrow- wood. 

White  Earth  reservation,  Oarrison;  Fergus  Falls,  Iieonard;  Minnesota  river,  Parry ; 
Pipestone  county,  Mrt.  Bennett;  New  Ulm  (commonX  Juni;  Minneapolis,  Oriswold, 
Kassiibei  lake  Pepin,  MiM  Manning, 

Y.  pubesoens,  Pursh.       Downy  Arrow- wood. 
Common,  or  frequent,  throughout  the  state. 

Y,  acerifolium,  L.       Maple-leaved  Arrow-wood.    Dockmackie. 

White  Earth  reservation,  Oarrison;  I^ake  City,  3fr8.  Ray.  Infrequent.  South- 
east. 

[V .  paudflorum,  Pyiaie,  will  doubtless  be  found  in  northern  Minnesota ;  and  per- 
haps also  V,  lautanoldes,  Mlchz.] 

Y*  Opulus,  L.       Cranberry- tree.    Bush  or  High  Cranberry. 

Common  through  the  north  half  of  the  state  and  in  the  Big  Woods ;  frequent  thence 
southeastward ;  absent  far  southwest   Fruit  much  used  for  sauce.  The  name  Pembina, 

*Adoxa,  L.  a  genus  of  but  a  single  species,  widely  distributed  throughout  the 
cooler  parts  of  the  globe.  Flowers  perfect.  Tube  of  the  calyx  coherent  with  the  lower 
part  of  the  ovary,  the  limb  slightly  2-3  cleft  Petals  4-^,  inserted  on  the  limb  of  the 
oalyx,  uDlted  at  the  base,  spreadlug.  Stamens  ir-6,  eash  filament  2-parted ;  the  divis- 
ions bearing  each  a  single-celled  peltate  anther.  Styles  4—6,  subulate.  Fruit  an  herb- 
aceous and  Juicy  berry,  4-«-celled  ;  each  cell  with  a  single  suspended  seed.  Seeds 
«ompressed,  with  a  membranaceous  margin. 

A.  MoscHATEUiNA,  L.  A  Small  perennial  herb,  with  the  odor  of  musk ;  root  tuber- 
ous ;  radical  leaves  twice  ternately  compound,  on  locg  petioles,  the  caulioe  solitary, 
1—2  teniate  or  incised ;  flowers  4— « (greenish)  in  a  terminal  capitulum,  the  lateral  ones 
mostly  pentameroQS,  the  terminal  t«tramerous.  Torrey  and  Qray*8  Flora  of  N,  A.,  as 
quoted  by  Arthur. 
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borne  first  by  a  riyer,  and  thenoe  given  to  a  town  and  county,  is  stated  by  Keating  to 
be  from  the  Chippewa  word  for  this  fmlt,  *'anepeminan,  which  name  has  been  short- 
ened and  corrupted  into  Femblna  (Ylbumam  OzyeoccosV'  NarraUve  cf  Lono*B  Expe^ 
dUUm,  vol.  11.  p.  88 :  see  also  p.  127. 

RUBIACEiE.        Madder  Family. 

GAliIUM,  L,       Bkdstkaw.    Clbayebs. 

G.  Aparine,  L.       Cleavers.  .  Gooee-Gmss. 

steams  county, Mrs.  ElaiBdeUi  Minneapolis,  Roberta;  Faribault,  MiaaBeane;  Good- 
hue county,  Sandberg;  common  at  Hesper,  Iowa.  Mrs.  Carter;  frequent  in  Emmet 
county,  Iowa,  Cratty. 

G.  asprelluni^Michz.       Roa^h  Bedstraw. 
Common,  or  frequent,  throughout  the  state. 

G.  couclDnum,  Torr.  &  Gray.        Bedstraw. 

Minneapolis,  Robert*;  Blue  Earth  county,  Leiberg;  Martin  county  (abundant), 
Cratty;  Fergus  Falls.  Leonard.      South. 

G.  triliduin,  L.  (G.  tinctorium,  L.)       Small  Bedstraw.    Dyer^s  Cleavers. 

Common,  or  frequent,  throughout  the  state;  exhibiting  within  our  limits,  the  three 
varieties  mentioned  by  Gray's  Manual. 

G.  trifidanly  L.,  var.  pusillum,  Gray.       Small  Bedstraw.    Dyer's  Cleavers. 
Pembina,  Havard,      North. 

G.  triiidum,  L.,  var.  latifolium,  Torr.       Dyer^s  Cleavers. 
Minneapolis,  Roberta, 

G.  triflorum,  Michz.        Sweet-scented  Bedstraw. 

Throughout  the  state;  commr»n  northward,  frequent  southward. 

G.  circsezans,  Michz.       Wild  Lioorice« 
Lapham,      Rare.      Southeast. 

G.  lanceolatuiUy  Torr.       Wild  Licorice. 
Goodhue  county,  Sandberg,      Bare.      East. 

G.boreale,  L.       Northern  Bedstraw. 
4.bundant,  or  common,  throngheut  the  state. 

CEPHAIiANTHUS,  L.       Bottok-bush. 

€•  occideutaliH,  L.       Button-bash. 

Lapham,  Taylor's  Falls,  Roberts;  shore  of  lake  Pepin  in  Wisconsin,  Miss  Man' 
ning.      South, 

MITCHELL  A,  L.       Partridge-bkrrt. 

M.  repens,  L.       Partridge-berry. 

St.  Croix  river.  Parry,  Miss  Field;  upper  Mississippi  river.  Garrison;  northern  Kan- 
abec county  (common),  Upham;  abundant  at  Taylor's  Falls  and  Duluth,  Miss  CathcarL 

HOUSTONIA,  Gronov.        Houstonia. 
H.  purpurea,  L.,  var.  lon^ifolia,  Gray.       Houstonia. 

Frequent  throughout  most  of  the  state.  Gooseberry  river,  lake  Superior,  Juni; 
St.  Louis  river,  Houghton;  lake  of  the  Woods,  Dawson;  and  thence  south  at  least  to 
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CblBftco  county  (plentilul),  Upham,  lake  Pepin,  Jftet  Mann^,  Bloe  Baith  eoiuity; 
LeOterg,  and  the  Upper  Minnesota  rtver.  Parry. 

H.  purpurea,  L.,  var.  ciliolata,  Gray.       Hoostonia. 

Stearns  oounty,  Campbell,  [Walhalla,  northeastern  Dakota,  Scott.] 

VALERIANACEJE.        Valerian  Family. 

VALERIANA,  Team.       Yalbbzan, 

Y.  edulis,  Nutt.       Valerian. 

Dpper  Mississippi  rlTor,  Parry;  Minneapolis,  Aoberts;  lake  Pepin,  Miss  Mannfmgi 
Faribaalt,  Jflst  Beane;  Winona  county,  Holsiinger;  Fillmore  county,  On.  Carter^  Steele 
county  (frequent),  Upham, 

[Y.  syWatica,  Banks,  probably  also  occurs  northward.] 

VALERIANESIiliA,  Toam.     (Fiedia,  Ganin.)  Ck>BN    Salad. 

Lamb  Lbttucb. 

V.  chenopodifolia,  DC.    (F.  Faffopyram,  Torr.  &  Gray.)       Ck>ni  SalauL 
Lamb  LeUace. 
Lake  Pepin,  MisB  MtamUng ;  eastern  Bice  county  (common).  Upham.       Southeast. 

V.  radiata,  Dnfresne.    (F.  radiata,  Michz.)       Com  Salad.    Lamb  Lettaoe. 
Lapham.      Cannon  Biver  Falls,  Bia^.Sandberg.      Bare,      Southeast. 

DIPSACEiE.        Teasel  Family. 

DIPSACUS,  Toum.       Teasel. 

D.  sylvestrisB  Mill.        Wild  TeateL 

Lake  Pepin,  Mi»$  Mannino*      Infrequent. 

COMPOSITE.        Composite  Family. 

YEKNOmiA,  Schreb.       Ibon-webd. 

V,  DS^oveboracensiSy  Willd.       Iron-weed. 

Upper  Mississippi  river,  Houghton^  Hennepin  county,  Herrieh ;  St.  Paul,  KeUeif: 
Blue  Earth  county,  Leiberg,      Southeast. 

V.  fasciculata,  Michx.       Iron-weed. 

Common  through  the  south  half  of  the  state  and  in  the  Bed  river  valley,  Upham. 

LIATBIS,  Schreb.        Button  Snakbroot.     Blazing-Stab.     Gat 
Fbatheb. 

Ij.  squarrosa,  Willd.        Blazing-Star. 

Common  through  the  south  part  of  the  state ;  extendinglnorth  to  the  upper  Missis- 
sippi river,  Qarrison. 

[L.  squarrosa,  Willd.,  var.  intermedia.  DC.  (heads  narrow  ;  bracts  of  the  involaots 
erect  or  little  spreading,  less  prolonged),  probably  also  occurs  in  this  state,  according 
to  Gray's  Synoptical  Flora  ofN.A.] 
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L*  cylindracea,  Micbx.       Batton  Snakeroot.    Blazing-Star. 

Common,  or  frequent,  throngh  tbe  sontli  half  of  the  state ;  eztendinR  north  to  the 
apper  Minissippi  dyer,  Houglilon^  GofTimm,  and  Fergus  Falls,  Lwnard, 

T».  scariosar  Willd.       Blazing-Star.    Gay  Feather. 

Common,  often  abundant,  through  the  south  half  of  the  state,  being  the  most  plen- 
tiful speeies  southwestward ;  also  common  in  the  Bed  river  yalley,  especially  north  of 
Band  Hill  riyer  and  along  the  old  Pembina  trail,  Upham;  extending  northeast  to  the 
apper  Mississippi  river,  HtmoMom,  (A  remarkable  form  of  this  species,  bearing  the 
iMads  at  the  end  of  leafy,  ascending  bran<;be8,  2  to  9  Inches  long,  was  found  in  a  bog 
near  Mankato  by  Mr,  Letberg.  White-flowered  specimens  have  been  collected  by 
Mt,  W,  H.  KtUtyy  at  Dellwood,  White  Bear  lake,  Bamsey  oounty.) 

Ij.  spicata,  Willd.        Blazing-Star. 

Lake  Pepin,  Miss  Manvning;  Minneapolis,  JSTossube;  Anoka  county,  also  New  Ulm, 
Jwnlj  Blue  Barth  county,  Leiherg,  Oedge;  Kandiyohi  county,  Upham;  Fergus  Falls, 
Ijtonard.  ,   Less  frequent  than  the  last  and  the  next       Sk>uth. 

Ij.  pycnostachya,  Michx.       Blazing-Star. 

Common  through  the  south  half  of  the  state  ;  very  abundant  in  the  Bed  river  valley 
In  Clay  and  STorman  oonnties,  but  rare  or  infrequent  north  of  Sand  Hill  river,  Upham, 
This  species  is  three  weeks  earlier  In  flowering  than  L.  scariosa,  and  prefers  moister 
ground. 

Ij.  punctata.  Hook.*       Blazing-Star. 

Generally  common  on  the  drier  portions  of  the  prairie,  in  the  west  part  of  the  state, 
extending  east  to  Martin  county,  CraUift  Saint  Peter,  Otdge,  and  tbe  St.  Croix  river, 
Swezey;  but  Infrequent  north  of  the  Sand  Hill  river ;  seen  in  Kittson  county  only  at  the 
Ridge,  twelve  miles  east  of  Saint  Vincent,  Upham,  Daweon;  also  found  at  Pembina, 
Havard. 

KUfiCNTIA.  L.       EuHinA. 

K.  eupatorioideSy  L.       Eahnia. 

Frequent,  or  common,  through  the  south  part  of  the  state;  Goodhue  county.  Sand- 
berg;  Hennepin  county,  Htrrieh;  Blue  Earth  county,  LHberg;  common  southwestward 
(leaves  broadly  lanceolate,  deeply  toothed),  Upham;  extending  northwest  to  Devirs 
lake,  Dakota.  Qeyer. 

K.  eupatorioideSy  L.,  var.  corymbulosa,  Terr.  &  Gray.'t       Euhnia. 

Prairies  and  plains,  Illinois  to  Dakota  and  Nebraska,  and  south  to  Alabama  and 
Texas,  Gray's  Synoptical  Flora  of  N.  A,;  therefore  doubtless  in  southern  and  western 
Minnesota. 

«  LiATBis  PuircTATA,  Hook.  Stcms  8  inches  to  8  feet  high,  from  a  thick,  knotted, 
f usUorm  root,  glabrate,  leafy  to  the  top;  leaves  linear,  rigid,  strongly  punctate  on  both 
sides,  glabrous  or  their  margins  somewhat  eiliate,  lower  ones  3  to  6  inches  long,  slightly 
S-nerved,  l  to  3  lines  wide,  pungently  acute;  heads  In  a  dense  spike,  4  to  10  inches  long, 
4-  to«-flowered ;  flowers  reddish-purple;  scales  of  the  eylindraceous  Involucre  oblong, 
strongly  punctate,  imbricated,  appressed,  with  muoronate,  acuminate,  rather  spread- 
log  tips,  margins  woolly-dilate;  bristles  of  the  pappus  about  30,  purplish  or  white, 
very  plumose ;  aehenia  hairy.   Porter  and  CouUer'a  Flora  of  Colorado. 

tKuHNiA  xuPATOBioiDBs,  L.,  var.  ooBTMBULOSA,  Torr.  ft  Gray.  ▲  foot  or  two 
High,  stouter,  somewhat  cinereous-pubescent  or  tomentulose  :  leaves  rather  rigid  and 
sessile,  from  oblong  to  lanceolate,  coarsely  veiny :  heads  rather  crowded.  Qray*s  Syn- 
optical Flora  of  N,A. 
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EUPATOBIUM,  Tourn.       Thobouohwobt.    Bonbset. 

E.  purpureum,  L.       Joe-Fye  Weed.    Trumpet-weed. 
Oommonthroaghoat  the  state. 

£.  purpureiim,  L.,  Tar.  iiiacalatiim,  Darl.*       Joe-Fye  Weed.     Tram- 
pet-weed. 
FreqneDt,  or  Mmmon,  througlioat  the  state. 

£.  altisslmum,  L.       Tall  Boneset. 

Lapham.        Goodhue  oountj,  Sandberg;    Blue  Earth  eonnty,  Leiberg,  Otdge, 
Bare.      South. 

E.  perfoliatum,  L.       Thoroufphwort    Boneset. 

Common,  or  frequeut,  through  the  south  half  o(  the  state ;  upper  Mississippi  river, 
Oarriaon ;  less  frequent  farther  north  to  the  lake  of  the  Woods,  Dawson.  Well  known 
as  a  bitter  tonic. 

E.  serotlnum,  Michz.       Thorouflrhwort,    Boneset. 

Lapham,  Todd  county  (frequent),  Vpham;  Martin  county,  and  Emmet  county, 
Iowa  (common),  CraJUy,      South. 

E.  agreratoldeSy  L.  f.       White  Snake-root. 
Common,  or  frequent,  throughout  the  state. 

PETA8ITES,  Tonm.    (NABBOsiciik,  Cass.)       Sweet  Goltbfoot. 

P.  sagrlttata,  Gray.f    (N.  sagrittata,  Hook.)       Sweet  Coltsfoot. 

Red  river  valley  near  Saint  Vincent  (In  a  "low  damp  thicket ;  in  full  bloom  m  the 
first  week  of  May  ;  seed  nearly  ripe,  June  4;  flower  with  an  odor  like  that  of  Crataegus, 
white,  tloged  with  purple")i  i><M08on;  also  on  Boseau  river,  liJcoCt.     Bare.     Northwest. 

[P.  palmata,  Gray,  (N.  palmata,  Hook.)  probably  also  occurs  in  Minnesota.] 

TUSSILAGO,  Toum.       Coltsfoot. 

T.  Farfara,  L        CoU^faoi.    ^^Ginger-root,"'  » 

Northeastward,  '*much  used  as  a  cough  medicine,"  Clark]  lake  Pepin,  Mist  Man- 
ntng, 

ADENOGAULON,  Hook.       Adbhocaulon. 

A.  bicolor,  Hook.       Adenocaulon. 

Steams  county,  C^arriton,      Bare.      North. 

ASTER,  Toum.       Stabwobt.    Astbb. 

A.  corymbosusy  Ait.       Aster. 

Hennepin  countyi  RoberU.   [North  of  lake  Superior,  Agasfiz.']      Infrequent. 

A.  macrophyllus,  L.       Larf^e-leayed  Aster. 

Abundant  north  of  lake  Superior,  BoherU;  lake  of  the  Woods,  Dawson ;  upper 

*  EupATOBiUM  PUBPUBBUM,  L.,  var.  XAGULATUM,  Darl.   Oommou  in  open  ground, 
3  or  4  feet  high,  often  roughtsb-pubescent :   stem  commonly  purple,  striate  or  suleate ; 
leaves  somewhat  rugose,  S— 0-nate :  inflorescence  more  compact  and  depressed.  .  . 
.    .    The  most  widely  distributed  form.     Gray's  Synoptical  Flora  of  y.  A. 

tPBTASiTBSBAQiTTATA,  Gray.  Lcavcs  from  deltoid-oblong  to  reniform-hastate, 
from  acute  to  rounded-obtuse,  repand-dentate,  yery  white-tomentose  beneath,  when 
full  grown  7  to  10  Inches  long:  heads  short-racemose,  becoming  corymbose:  ligules 
equalling  or  shorter  than  the  disk.   Qray*s  SynopUeal  Flora  of  N.  A. 
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Mtmlnlppi  river,  Oarriaon ;  Todd  and  Grow  WlDg  eonnties  (oommon),  Upham;   White 
Bear,  Bamaey  eomity,  fiflntmont.      North  and  east. 

A.  serioeus,  Vent.       Silky  Aster. 

OommoD  through  the  soath  half  of  the  state,  aod  frequent  In  the  Bed  river  valley, 
Upham ;  extending  northeast  to  the  upper  Mississippi  river,  Oarriaon,  and  the  mouth 
of  Rainy  river,  Maeoun. 

A.  patens.  Ait.       Aster. 

Upper  Mississippi  river,  Oarriaon;  Fergus  Falls,  Leonard;  Douglas  county,  Mrs, 
Terry;  Anoka  county,  Jufi<;  Blue  Earth  county,  Oedge.      Infrequent.      South. 

A.  Isevis,  L.       Smooth  A^ter. 

Frequent,  or  common.  In  hoth  var.  lievlgatus  and  var.  eyaneus,  of  Oray's  Manual^ 
through  the  south  half  of  the  state  and  in  the  Red  river  valley ;  extending  northeast  to 
Crow  Wing  county,  Upham. 

A.  aznreus,  Lindl.       Azure  Aster. 

Prairies  of  the  Blue  Earth  river,  Geyer;  Goodhue  county,  Sandherg;  Minneapolis, 
TtoininOt  Roberta;  Douglas  county,  Mra.  Terry,      South. 

A.  Shortii,  Boott.       Short's  Aster. 
Lapham,      Rare.      Southeast. 

A.  undulataSy  L.       Wavy  Aster. 

Lapham.  Douglas  county,  Mra.  Terry;  Blue  Earth  county,  Oedge,  Infrequent. 
South. 

A.  cordifolius,  L.       Heart-leaved  Aster. 

Common  in  woods  through  the  south  half  of  the  state,  and  in  the  Bed  river  valley ; 
only  reported  northeastward  hy  Jtini  at  Little  Marals,  lake  Superior. 

A.  fiasrittifolias,  Willd.        Arrow-leaved  Aster. 

North  of  lake  Superior  (abundant),  Roberta,  Jvni;  Douglas  county,  Jf  rs.  Terry;  falls 
of  the  St.  Croix,  Par;*]/;  Minneapolis,  Roberta;  lake  Pepin,  Miaa  Manning;  Minnesota 
river,  Oeyer;  Emmet  county,  Iowa  (common),  Cratty;  and  westward  into  Dakota,  Oray*a 
Synoptical  Flora  ofN.A, 

A.  Drummoiidii,  Lindl,*        Drummond^s  Aster. 

Open  grounds  and  border  of  woods,  Illinois  and  Minnesota  to  Texas.  Forms  pass 
into  A.  sagittifolius.    Oray's  Synoptical  Flora  of  N.A. 

A.  ericoides,  L,  var.  villosus,  Torr.  &  Gray.       Heath-like  Aster. 
Blue  Earth  county,  Oedge,      South. 

A.  mnltifloms,  Ait.        Many- flowered  Aster. 

Common,  often  abundant,  through  the  south  half  of  the  state  and  in  the  Red  river 
valley ;  extending  northeast  to  Todd  and  Grow  Wing  counties  (common),  Upham. 

A.  dumosns,  L.       Aster. 

Lake  Pepin,  Miaa  Manning;  Blue  Earth  county,  Qedge,     Infrequent.      Southeast. 

A.  YimineuSy  Lam.  (A.  Tradescanti,  in  Gray*8  Manual.)       Aster. 

Lake  Pepin,  Miss  Manning;  Douglas  county,  Mra,  Terry;  common  southward  and 
westward,  J'tmi,  Upham. 

*AsTBB  Dbummondii,  Lindl.  Pale  with  a  line  and  mostly  soft  cinereous  pubes- 
cence ;  leaves  from  cordate  to  cordate-lanceolate  and  mostly  on  marKined  petioles,  or 
the  small  uppermost  lanceolate  and  sessile  by  a  narrow  base,  obtusely  or  acutely  ser- 
rate (the  large  4  Inches,  smaller  about  an  inch  long),  sometimes  scabrous  above  :  bracts 
of  the  involucre  acute  or  acutish ;  rays  violet- blue  or  paler,  8  to  5  lines  long.  Gray*a 
Sywtptieal  Flora  of  N.A. 
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A.  Tradesoanti,  L.*       TradeBcant^s  Aster. 

Open  grounds,  Canada  to  Virginia,  Illinois  and  Saskatchewan.  Nearly  allied  with 
the  two  preceding  and  the  two  following  species.    Qray^n  SynopUcaZ  Flora  of  N.  Ji. 

A.difftisiis,  Ait.    {A.  miaer,  in  Manual.)       Aster. 

Throughout  the  state.  Common  north  of  lake  Superior,  and  at  Minneapolis,  Rob- 
ert$;  lake  of  the  Woods,  Dauwm;  Todd  county,  Upham;  St  Croix  river,  Parry;  Good- 
hue county,  Sandberg;  Blue  Barth  county,  Leiherg;  Emmet  county,  Iowa,  Cratty, 

A.  paniculatuSf  Lam.    (A.  simplex,  and  A.  tenaifolins,  partly,  iu  Manual,) 
Panicled  Aster. 
Common,  or  frequent,  throughout  the  state ;  especially  plentiful  westward. 

A.  polyphylluSy  Willd.f    (A.  teDoifolias,  partly,  in  Manual.)       Aster. 

Notes  of  A.  tenulfolius,  as  described  in  Gray's  Manual,  probably  belonging  in  part 
to  A.  polyphyllus,  are  as  follows :  upper  Mississippi  river,  HouohUm;  Fergus  Falls, 
Leonard;  Douglas  county,  Ifrs.  Terry;  Wadena  and  Todd  counties,  Upham;  Blue 
Earth  county,  Leiberg;  Emmet  county,  Iowa  (rare),  Cratty. 

A.  salicifoliuSf  Ait.    (A.  cameus,  in  Manual.)       Aster. 

Douglas  county,  Mrs.  Terry;  Lac  qui  Parle,  Upham;  Anoka  county,  Junf.  [Also 
northwest  to  the  Saskatchewan  river  and  eastern  Montana,  Oray*8  SynopvUaX  Flora 

cf  N.  A.] 

A.  junoeus.  Ait.    (A.  sestivas,  in  Manual)       Aster. 

Throughout  the  state,  but  infrequent.  Blue  Earth  county,  lAXburg;  Goodhue 
county,  Sandberg;  Anoka  county,  Jtmi;  Douglas  county.  If rs.  Tetrry;  Pembina,  Ha- 
zard.   [North  of  lake  Superior,  Agassiz.] 

A.  loDgfifolius,  Lam.t       Long-leaved  Aster. 

This  species  (not  the  one  so  named  in  Gray's  Mamual,  which  is  the  next ;  more 
nearly  related  with  A.  Junceus)  doubtless  occurs  in  northern  Minnesota . 

A.  Kovi-Belsriiy  L.  (Including  A.  longifoliuB  of  Gtaj'b  Manual)        New 
York  Aster. 

Spirit  lake,  Iowa.  Oeyer;  Blue  Earth  county,  Oedge;  southwestward  (frequent), 
Juni ;  Douglas  county,  Mrs.  Terry ;  Fergus  Falls,  Xeonord ;  upper  Mississippi  river, 
Oarrtson ;  Pembina,  Havard. 

*  ASTXB  Tradesculnti,  L.  Stem  slender,  2  to  4  feet  high,  with  numerous  erect  or 
ascending  branches  and  branehlets :  leaves  lanceolate  or  linear,  slightly  serrate  or  en- 
tire, thinnish  :  small  heads  numerous,  eorymhosely  or  somewhat  racemosely  paniculate 
[the  most  notable  distinction  from  A.  vlmlneus] ;  only  two  or  three  lines  blgh  :  bracts 
of  the  Involucre  linear,  acutish,  partly  green  at  tip  and  down  the  back  :  rays  white,  or 
sometimes  tinged  with  lilac,  only  about  2  lines  long.    Qray's  SynopHedl  Flora ofN.A. 

tASTicB  POLYPHTixus,  WlUd .  Mostly  tall  (4  or  6  feet  high),  with  virgate  branches, 
glabrous  :  cauline  leaves  narrowly  lanceolate  or  linear  (4  or  6  inches  long,  quarter  to 
half  Inch  wide) ;  those  of  flowering  branehlets  small  and  subulate-linear :  heads  pan- 
iculate (4  lines  higb):  Involucre  nearly  hemispherical;  Involucral  bracts  lanceolate- 
subulate,  outer  successively  shorter,  rather  rigid,  with  green  nearly  erect  tips;  rays 
numerous,  bright  white,  disposed  to  turn  rose-purplish,  4  lines  long :  akenes  minutely 
pubescent.    Qray's  Synoptical  Flora  ofN.A. 

X  AsTBB  LONGiFOLius,  Lam .  A  foot  to  a  yard  higb,  glabrous  or  pubescent,  leafy : 
leaves  elongated-lanceolate  to  linear-lanceolate,  entire  or  sparingly  serrulate,  8  to  7 
inches  long,  tapering  to  both  ends  :  involucre  4  to  6  lines  high,  little  or  not  at  all  Imbrl- 
cated ;  iu  bracts  all  of  nearly  equal  length,  some  looser,  outermost  not  rarely  quite 
herbaceous :  rays  3  or  4  lines  long,  violet  or  purplish,  rarely  almost  white.  .... 
Low  grounds  or  along  streams,  Labrador  to  Montana,  Slave  Lake,  south  to  Canada  and 
N.  New  England.    Oray*8  Synoptical  Flora  of  N.  A. 
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A.  punicens,  L.       Aster. 

Common  throagbont  the  state,  exdbpting  northwestward;  extending  to  Fergus  Falls, 
Leonard,  and  into  Dakota,  Qray's  Synaptiaa  Flora ;  hat  not  ohserved  in  the  Red  river 
Talley,  Upham, 

A*  puniceus,  L.,  yar.  lacidnliiSy  Gray.  (var.  vimineas,  Torr.  &  Gray.) 
Aster. 
Frequent  in  the  sooth  half  of  the  state. 

A.  prenanihoides,  Muhl.       Aster. 

Lapham.  Common  in  the  ylcinlty  of  Hesper,  Iowa,  adjoining  Houston  and  Fill- 
more connties,  Ifrt.  Carter.      Southeast. 

A.  eblon^rifolins,  Natt.       Aster. 

Douglas  oounty,  Mn.  Terry ;  Fort  Snelling,  Roberta ;  Minneopa  falls.  Blue  Barth 
county,  Upham ;  Pipestone  county,  Afrs.  Bennett,      South. 

[A.  amethyst inus,  Nutt.,  occurs  in  Iowa,  and  probably  also  in  Minnesota,  Arthur.] 

A.  Novae-^VD^rllaBy  L.       New  Enj^land  Aster. 

Minneapolis,  Twining,  Roberta ;  lake  Pepin,  Miss  Manning ;  common  at  Hesper, 
Iowa,  Mrs.  Carter ;  Blue  Barth  county,  Oedge;  Bock  county,  LeXberg.  [Upper  Missouri 
river,  Geyer,  and  Saskatchewan,  Qray's  Synoptical  Flora  of  N.  A.]       South  and  west. 

A.  modestus,  Ldndl.*       Aster. 

Moist  woods,  Oregon  to  British  Columbia  on  the  Paelfle,  and  east  to  Saskatchewan 
and  Pembina  (Macoun),  Oray's  Synoptical  Flora  of  N.A.      Northwest. 

[A.  GRAMIKIF0LIU9,  Fursh.,  Is  EJBIOSBOV  HT880PIFOLIU8,  Michx.,  in  Gray*8  Syn- 
optical  Flora  of  N.  A.,  and  will  be  found  Accordingly  under  that  genus.] 

[A.  acuminatus,  Michx.,  should  be  looked  for  in  northern  Minnesota.] 

A,  ptannicoides,  Torr.  and  Gray.       Aster. 

Abundant,  or  common,  throughout  the  state.  [The  yar.  lutescens.  Gray,  with  "rays 
pale  yellow,  small,"  which  occurs  in  Manitoba  and  northern  Illinois  (Oray's  Synoptical 
Flora  of  N.  A.),  will  probably  be  found  also  in  Minnesota.] 

A.  an^rustus,  Torr.  and  Gray.       Aster. 

Lapham.       Clay  county,  in  the  Bed  river  valley,  Gedge,  determined  by  Watson. 
Northwest. 

A.  liiiariifolius,  L.     (Diplopappos  linariifolias,  Hook.)        Doable-bristled 
Aater. 
Lapham.      Bare.      Bast. 

A.  umbellatus,  Mill.  (Diplopappus  umbellatas,  Torr.  &  Gray.)       Double- 
bristled  Aster. 
Throughout  the  state :  abandant  northward,  common  or  frequent  southward. 

A.  umbellatuSy  Mill.,  yar.  pubeiis,  Gray.       Double-bristled  Aster. 

Lower  face  of  the  oblong-lanceolate  leaves  tomentulose-pubescent,  also  usually 
the  flowering  branchlets.— Saskatchewan  to  upper  Michigan.  Oray's  Synoptical  Flora 
ofJff.A. 

*  ASTSB  MODKffrus,  Liudl.  Merely  pubescent  or  glabrate :  stem  more  slender 
than  in  the  two  preceding  species,  2  feet  high  :  leaves  thlnnisb,  lanceolate  or  broader 
(2  to  4  inches  long),  sparingly  and  acutely  serrate  or  denticulate,  very  acute,  mostly  nar^ 
rowed  to  a  sessile  or  partly  clasping  but  not  aurlculate  base:  heads  fewer  and  smaller 
than  tn  the  preceding,  hemispherical,  numerous  and  usually  thyrsoidly  or  cymosely 
congested  at  the  summit  of  the  simple  very  leafy  stem :  bracts  of  the  involucre  less 
numerous,  loose,  and  more  or  less  herbaceous  for  somewhat  colored)  almost  from  the 
base,  linear-attenuate,  all  equalling  the  disk  :  rays  numerous  and  narrow,  pale  blue  : 
style-appendages  lanceolate  :  akenes  hirsute.    Oray's  Synoptical  Flora  of  N,  A, 
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EBIGERON,  L.       Flbabank.      » 

£.  hyssopifolioSy  Michx.  (Aster  graminifoHus,  Forth.)       FleabBne. 

North  shore  of  lake  Superior,  Juni;  between  the  lake  of  the  Woods  and  Red  river, 
Datcson,      North. 

£•  Canadensis,  L.       Horse- weed.    Batter- weed. 
Common  throaghoat  the  state. 

£•  divaricatus,  Michx.       Dwarf  Fleabane. 

open  grounds  and  river  banks,  Tndiana  to  Minnesota,  Nebraska  and  Texas.  Oray*i 
Synoptical  Flora  of  N.  A, 

£•  acris,  L.       Fleabane. 

North  shore  of  lake  Superior,  Af  ocoun ;  doubtless  in  northern  Minnesota.  [Perhaps 
the  yar.  Dbcebachsnsib,  Blytt,  which  has  a  similar  range  with  the  typical  species. 
Somewhat  glabrous,  or  even  quite  so  :  involucre  also  green,  naked,  at  most  hirsute  only 
at  the  base,  often  minutely  viseidulous :  slender  rays  somewhat  slightly  exserted, 

sometimes  minute  and  filiform  and  shorter  than  the  pappus North  shore  of 

lake  Superior,  etc.    Oray*B  Synoptical  Flora  of  N,  JL.] 

£.  bellldlfolius,  Mahl.       Robin's  Plantain. 

Frequent  southward  ;  extending  north  at  least  to  Isanti  county,  Upham,  and  Ciay 
county  and  Detroit,  Becker  county,  Oedge. 

E.  PhiladelphicaSy  L.        Common  Fleabane. 
Frequent,  oceasionally  common,  throughout  the  state. 

£.  grlabellus,  Nutt.       Fleabane. 

Goodhue  county,  Sandberg  ;  Bed  river  valley  near  Saint  Vincent,  Dawson,  Scott. 
[Devil's  lake,  Dakota,  Geyer.}      West. 

£•  annuus,  Pen.       Daisy  Fleabane.    Sweet  Scabioos. 

St.  Croix  Falls,  Miss  FUld ;  Minneapolis,  Mis$  Butler;  lake  Pepin,  Miss  Manning ; 
frequent  in  the  vicinity  of  Hesper,  Iowa,  adjoining  the  southern  boundary  of  Houston 
and  Fillmore  counties,  Mrs.  Carter,  This  species  reaches  its  northwest  limit  in  south- 
eastern Minnesota ;  it  was  not  observed,  though  carefully  looked  for,  throughout  the 
remainder  of  the  state. 

£.  strifiTOSUS,  Muhl.       Daisy  Fleabane. 

Throughout  the  state;  common  southward.  Infrequent  northward. 

[The  species  referred  to  the  genus  Diplopappus,  Cass.,  in  Gray's  Manual,  are  in- 
cluded under  Astbb  in  his  Synoptical  Flora  of  A.  A., ;  and  in  this  catalogue  they  are 
placed  at  the  end  of  that  genus.] 

BOLTONIA,  L'Her.       Boltonia. 

B.  asteroidesy  L'Her.  (Includmfl:  B.  glastifolia,  L*Her.)       Boltonia. 

Common  through  the  south  part  of  the  state ;  extending  north  at  least  to  Minne- 
apolis, WUUarMt  Alexandria,  Mrs.  Terry,  Fergus  Falls, lieonard,  and  Devil's  lake,  Da- 
kota,  Geyer,      South  and  west. 

GUTI£RR£ZIA,  Lafifsaca.       Gutibrrbzia. 

G-  Euthamiae,  Torr.  &  Gray.*       GuUerrezia. 

Red  river  valley  near  Saint  Vincent,  Seott,  determined  by  WcUson.      West. 

*  GuTiBBBBZiA,  Lagasca.  Heads  small  or  middle-sized,  6-  to  M-flowered.  the  rays 
pistillate,  fertile,  the  disk-flowers  tubular,  perfect  and  fertile.  Involucre  varying  from 
narrowly  obconie  to  broadly  hemispherical,  the  scales  closely  imbricated  in  several 
8eries,rlgid,  and  with  greenish  herbaceous  tips.   Receptacle  naked.    Corollas  yellow, 
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SOLIDAGO,  L.       Golden-rod. 

8*  bioolor,  L.       Oolden-rod. 

Lapham,      The  typleal  speeles  to  rare. 

S*  bicolor,  L.,  var.  conoolor.  Gray.       Golden-rod. 

Common  on  rooks,  north  shore  of  lake  Superior.  Roberts,  Juni ;  northwest  side  of 
Mille  Lacs,  Upham ;  falls  of  the  St.  Croix,  Parry. 

S*  latifolia,  L.       Golden-rod. 

Common,  or  frequent,  throughout  the  state. 

S.  csesia,  L.       Golden-rod. 

Lake  Minnetonka,  RoberU,  Herrich;  lake  Pepin,  Ifisa  Manning.       Infrequent. 
Southeast. 

S.  puberula,  Nutt       Golden-rod. 

Lapham.  Le  Sueur  county,  Oedge ;  Pembina,  Bavard,  A  golden-rod  aRreelng 
well,  except  as  to  geographical  limits,  with  the  description  of  this  species  tn  Gray's  Man- 
ticU,  is  common  on  dry  prairies  throughout  southern  Aiinnesota,  extending  northeast  to 
Todd  and  Crow  Wing  counties,  Upham. 

S.  iiliginosa,  Kntt.    (S.  stricta,  in  Gray's  Afanuaf.)       Golden-rod. 

North  of  lake  Superior  (common),  Roberts ;  Anoka  county,  Juni\  St.  Croix  river, 
Parry ;  lake  Pepin,  Miss  ManninO'      North. 

S.speciosa,  Nutt.       Golden-rod. 

Minneapolis,  Roberts;  lake  Pepin,  Miss  Manning ;    Blue  Earth  county,  Leiberg. 
South. 

S,  speciosa,  Nutt.,  var.  angustata,  Torr.  &  Gray.       Golden-rod. 
Stearns  county,  Campbell;  Emmet  county,  Iowa  (rare),  Cratty. 

S.  speciosa,  Nutt.,  var.  rigridiugcola,  Torr.  &  Gray.       Golden-rod. 

A  form  of  the  var.  angustata,  growing  in  dry  open  places,  with  more  rigid  and 
rougher-edged  small  leaves.  Minnesota  to  Nebraska  and  Texas.  Gray's  Synopticdl 
Flora  of  Jf.  A. 

S.  Virgaurea,  L.,  var.  alpina,  Bigehtw.       Golden-rod. 
Lapham.      North. 

[8.  humtUs,  Pursh  (8.  Virgaurea,  L.,  var.  humllls,  Gray),  and  S.  macrophylla, 
Pnrsh  (S.  thyrsoldea,  S.  Meyer),  probably  also  occur,  with  the  preceding,  in  northeast- 
em  Minnesota.] 

of  the  ray  oval,  oblong  or  linear,  of  the  disk  funnel-shaped,  6-toothed,  the  teeth  erect 
or  recurved.  Branches  of  the  style  in  the  ray-flower,  linear,  smooth,  the  stlgmatic 
lines  extending  to  the  top ;  in  the  disk,  with  the  hairy  appendages  shorter  or  several 
times  longer  than  the  stigmatlc  portion.  Achenia  oblong  or  oboonic,  terete  or  some- 
what compressed.  Pappus  of  the  disk  composed  of  several  oblong  or  linear  chaffy 
scales,  or  reduced  to  a  lacerate  coronlform  border,  of  the  ray  similar  to  that  of  the 
disk,  but  commonly  smaller  or  sometimes  obsolete—Mostly  perennial  and  suflruticose 
plants  of  North  and  South  America,  with  glabrous  and  often  resinous-dotted  or  var- 
nished linear  and  entire  or  broader  and  denticulate  leaves. 

G.  BiTTHAHiiB,  Torr.  and  Gray.  Stems  6  to  16  inches  high,  numerous  from  a  woody 
and  much-branched  base,  striated ;  leaves  crowded,  narrowly  linear,  ito  2  Inches  long 
H  to  1  line  wide,  l-nerved,  minutely  scabrous,  punctate,  resinous,  and  sometimes  var- 
nished ;  heads  in  little  clusters  forming  compound  corymbs ;  Involnores  scarcely  2  lines 
long  and  i  line  broad,  narrowly  obovate :  flowers  of  the  ray  2  to  5,  of  the  disk  3  to  6 ; 
pappus  of  0  or  lO  obtuse  unequal  erose-denticulate  chaffy  scales,  a  little  shorter  than 
the  aehenium.— Plant  growing  In  dense  tufts,  when  in  flower  forming  a  conspicuous 
yellow  round-topped  bushy  olump,  Eaton  in  Bot  Rep.  of  King*8  Expl.  of  the  For- 
tieth ParalUU 
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S*  risri^^i  L-       Golden-rod. 

Abundant  through  the  south  half  of  the  state,  and  in  the  Bed  rirer  Talley,  eitend- 
tng  northeast  to  Crow  Wing  county,  Upham.  Usually  from  one  and  a  half  to  two  fftet 
high  on  prairies,  where  it  most  abounds ;  but  from  three  to  five  feet  high  In  woods  and 
tblckeU. 

S.  Riddellii,  Frank.       Riddeirs  Golden-rod. 

Mtaneapolis,  WiUiams ;  Bapidan  Bapids,  Blue  Earth  county,  Upham ;  peat  bogs. 
Blue  Earth  county,  Leiberg ;  common  in  Emmet  county,  Iowa,  Cratty,      South . 

S.  neirlecta,  Torr.  &  Gray.       Golden-rod. 
Lapham,      Infrequent.      Southeast. 

S*  patula,  Mnhl.       Golden-rod. 
Lapham,      Infrequent.      Southeast. 

S.  juncea,  Ait.    (S.  argata,  yar.  jancea,  Gray,  in  Manual.)       Golden-rod. 

Common,  or  frequent,  throughout  the  state,  excepting  perhaps  near  its  south  side  ; 
flowering  early. 

S.  Junceay  Ait,  ver.  scabrella.  Gray.    (S.  argnta,  yar.  scabrella,  Torr.  & 
Gray,  in  Manual,)       Groldeo-rod. 
Bice  county,  Upham.      Probably  infrequent.      Southeast. 

S.  argruta.  Ait.    (S.  Muhlenbergrii,  Torr.  &  Gray.)       Golden- rod. 
Noith  of  lake  Superior,  Junt      Bare.      East. 

S.  rugrosa.  Mill.    (S.  altissima,  in  Manual)       Golden-rod. 
Blue  Earth  county,  Cfedge.      Infrequent. 

S.  ulmifolia,  Mubl.       Golden-iod. 

Lapham.      Falls  of  the  St.  Croix,  Parry.      Infrequent.      Southeast. 

S.  nemoralis.  Ait.       Golden-rod. 

Common,  often  abundant,  throughout  the  state. 

S.  nemoralLs,  Ait,  var.  incana.  Gray.*       Golden-rod. 

Plains  of  Minnesota  and  Dakota  (JYicoU^t,  etc.)  to  the  Bocky  Mountains  of  Mon- 
tana and  Colorado.    Oray*8  Synoptical  Flora  of  N.  A. 

S.  radula,  Natt       Golden-red. 

Blue  Earth  county,  Leiberg  ;  Stearns  county,  CampheU ;  Yellow  Medicine  county 
(frequent),  Ujpham.      South. 

S.  MissouriensiSy  Nutt.       Golden-rod. 

Saint  Paul,  KeUey ;  Minneapolis,  Twining,  Roberta,  Simmons ;  Martin  county,  and 
Emmet  county,  Iowa  (abundant),  CrcUty ;  high  prairies  towards  the  sources  of  the  Min- 
nesota river,  Qeyer ;  Bed  river  valley,  ScotL      South  and  west. 

S.  Canadensis y  L.       Golden-rod. 

Common  throughout  the  state.  [The  var.  procera,  Torr.  &  Gray,  probably  also  oe  - 
curs  in  Minnesota,  especially  northwestward.] 

S*  serotina.  Ait.,  var.  grigrantea.  Gray.  (S.  serotina,  in  Manual.)      Golden- 
rod. 
Common,  or  frequent,  throughout  the  state. 

f 

*8oLiDAa<>  NuoBALis,  Alt,  var.  nrcANA,  Qray.  Dwarf,  a  span  to  a  foot  high : 
leaves  oval  or  oblong,  rigid,  more  or  less  catiescent,  sometimes  rather  strongly  serrate, 
sometimes  mostly  entire  :  racemiform  clusters  erect  or  the  lower  somewhat  spread- 
ing, collected  in  a  dense  oblong  or  conical  thyrsus.     Oray*8  Synoptical  Flora  of  N.  A, 
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8.  serotinay  Ait.    {S.  gigaj:iie&,  in  Manual)       Golden-rod. 

Common,  or  freqaent,  throughout  the  state,  especially  north  of  lake  Superior,  Roh- 
erU,  and  in  the  Bed  river  Talley,  Upham. 

S.  lanceolata,  L.       Golden-rod. 

Common  throughout  the  state ;  abundant  in  the  Red  river  valley. 

S*  ooddentalis,  Natt.*       Golden-rod. 

Sandy  soil,  Saint  Peter,  Nicollet  county,  Leibtrg;  determined  by  WaUon  as  *'prob- 
ably''  this  species.      Infrequent.      Southwest. 

APLOPAPPUS,  Caas.       Aplopappus. 

A.  spinulosus,  DCf       Aplopappus. 

Upper  Minnesota  river,  Oeyer;  Yellow  Medicine  eounty,  Upham.      Southwest. 

GBINBELIA,  Willd.       Gbindblia. 

G*  squarrosa,  Danal.t       Grindelia. 

Common,  or  frequent,  in  the  west  edge  of  the  state,  from  Bock  comity,  Letberg, 
and  Pipestone  City  to  Saint  Vincent,  Upham;  also  plentiful  on  the  quartzlte  ridge  in 
northern  Cottonwood  county,  Upham,      West. 

*SOLiDAOO  OCOIDKNTALI8,  Nutt.  Smooth  ;  stcms  2  to  3  feet  high,  pantculately 
corymbose  at  the  summit,  leafy ;  leaves  linear-lanceolate,  obscurely  8-  to  6-nerved, 
minutely  scabrous  on  the  edxes,  the  larger  ones  4  inches  long,  8  lines  broad ;  beads 
raiher  large,  pedicellate  in  many  small  oorjmbs,  broadly  obconlo;  involucral  scales 
loosely  Imbricated  in  about  8  series,  oblong-lloear,  the  straight  tips  greenish,  clliolate, 
rather  acute ;  rays  15  to  25.  very  small ;  disk-flowers  loto  15 ;  achenia  pubescent.  Eaton 
in  Bot.  Rep.  of  King's  Sxpl,  of  the  Fortiet/i  FaraXXtl, 

tAPLOFAFPua,  Cass.  Heads  solitary,  terminating  the  branches,  or  sometimes  co- 
rymbosely  or  spicately  clustered,  many-flowered,  rarely  several-flowered,  heteroga. 
mous  and  with  fertile  rays,  or  very  rarely  homogamous.  the  rays  being  wanting. 
Involucre  imbricated,  the  scales  with  or  sometimes  without  herbaceous  or  foliaceous 
tips.  Beceptacle  flat  or  flattish,  foveolate  or  alveolate-dentate.  Appendages  of  the 
style-branches  triangular-lanceolate,  or  in  the  N.  American  species  more  commonly 
elongated  subulate.  Akenes  varying  from  turbinate  to  linear,  terete,  angled,  or  more 
or  less  compressed.  Pappus  simple,  of  copious  and  unequal  rigid  capillary  (scabrous 
or  almost  barbetlate)  bristles.— Herbs  or  low  under-shrubby  plants,  of  various  aspect 
and  foliage ;  with  yellow  flowers,  and  pappus  varying  from  tuwny  to  reddish,  very 
rarely  bright  white .  leaves  alternate,  rigid.  Qray^  in  Botarw  of  California,  from  Proc. 
Am.  Acad.,  vol  vili. 

A.  flPiNULOsuB,  DC.  Herbaceous,  canescent  with  a  soft,  minute,  woolly  pubescence ; 
stems  many,  l  to  2  feet  high,  corymbosely  branched  above ;  leaves  small,  9  to  12  tines 
long,  rigid,  pinnately  or  somewhat  bt-ptnnately  parted,  segments  short,  linear-subulate, 
mucronate  with  a  short  bristle;  heads  small,  subglobosf%,  terminating  the  numerous 
branchlets ;  involucre  shorter  than  the  disk,  scales  subulate-lanceolate,  mucronulate, 
imbricated  in  3  or  4  series,  appressed,  canescent ;  rays  20  tott ;  corolla  of  the  disk  with 
very  short  teeth  ;  pappus  pale  or  tawny,  short,  very  unequal ;  achenia  turbinate,  vil- 
lous.   Porter  and  CouUer'e  Flora  of  Colorado. 

$  Grindelia,  Willd.  Heads  many-flowered;  the  ray-flowers  generally  present, 
pistillate,  the  Ilgule  elongated  ;  disk-flowers  perfect,  the  corolla  tubular-funnel-shaped, 
5- toothed.  Involucre  subgWbose  or  hemispherical ,  the  scales  imbricated  in  many  rows, 
often  with  squarrose  tips.  Beceptacle  naked,  flat,  foveolate.  Style  with  lanceolate 
hispid  appendages  as  long  as  the  stigmattc  portion.  Achenlum  smooth,  oblong  or  ovate 
somewhat  angled.  Pappus  of  2  to  8  smooth  rigid  deciduous  awns,  shorter  than  the 
disk-corollas.— Biennial  (?).  perennial  or  suflrutlcose,  often  reslniferous,  Mexican  and 
North  American  plants.  Leaves  entire  or  serrate,  often  punctate,  the  caullne  ones  ses- 
sile.   Heads  corymbed  at  the  ends  of  the  branches,  or  solitary,  mostly  rather  large. 

G.  SQUARROSA,  Dunal.     Glabrous  and  viscldly  resinous  ;  stems  herbaceous  from  a 
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CHBYSOPSIS,  Nutt.       Golden  Abter. 

C.  Yillosa,  Natt.       Qolden  Aster. 

(Common  tbroughout  moet  of  the  state ;  bat  probably  wanting  or  iofreqnent  near 
Its  south  side,  and  also  northeastward.  Fort  Snelling,  Parry;  Minneapolis  (eommon), 
Roberts;  upper  Mississippi  riTer,  Hovghton,  OarrUon;  common  in  Steams  and  Todd 
counties  and  in  the  Bed  riTcr  valley,  Upham. 

INULA,  L.       Elbcavfanb. 

/.  Heleniumt  L.        Elecampane. 

Nicollet  county,  Alton;  Minneapolis,  RobtrU.      Infrequent. 

POLYMNIA,  L.       Leaf-cup. 

P.  Cauadensis,  L.       Leaf-cup. 
Lapham.      Rare.       South. 

SILPHIUM,  L.       Robin-Plant. 

S.  laciniatam,  L.       Rosin-weed.       Compass-Plant. 

Common,  often  abundant,  in  the  south  edge  of  the  state  ;  extending  north  to  Good- 
hue county,  Sandberg,  southeastern  Bice  county  (plentiful),  Nicollet  county,  Aiton^ 
southeastern  Watonwan  county  (frequent),  and  New  Ulm  (very  scarce),  Juni;  and  west 
to  LuTeme,  Upham;  and  into  Dakota.  Gray's  Synoptical  Flora  of  N,  A,  A  gum  which 
is  frequently  chewed  like  that  of  the  spruce,  exudes  from  stems  of  this  plant,  when 
their  tops  ar<«  broken  off.  The  peculiar  deflection  of  the  leaves  to  a  north  and  south 
direction,  at  the  same  time  presenting  one  edge  upward  and  the  other  toward  the 
ground.  Is  very  notieeable.  (See  Amertcan  Naturaliat,  vol.  xvl,  pp.  825— 085,  and  vol. 
xvli,  pp.  542  and  666.) 

S*  terebinthinaoeum,  Jacq.       Prairie  Dock.    Rosin-Plant. 
Lapham.      Blue  Earth  county,  i^ibertr.       South. 

S.  integriioliam,  Michx.       Roain-PJant 
Lapham.      South. 

S.  perfoliatum,  L.       Cap-Plant. 

Clommon  southward ;  extending  north  to  Minneapolis,  Roberts^  the  Minnesota  river 
(common),  Fergus  Falls,  Leonard,  and  the  Slsseton  Agency  in  Dakota,  Upham. 

PARTHEKIUM,  L.       Pabthenium. 

P.  inte^ifolium,  L.       Partheninm. 
Lapham.      South. 

rVA,  L.       Marsh  Eldbb.    Iva. 

I.  xanthilfolia,  Nntt.    (Cyclachsena  zaotbii.^o1ia,  Fres.)       Iva. 

Frequent  southeastward ;    abundant  south  westward  ;    extending  north  to  Todd 

perennial  caudex,  12  to  20  inches  high,  corymbosely  branched  above  ;  leaves  somewhat 
rigid,  glaucous  and  punctate-reticulated  ;  the  radical  ones'spatulate-lanceolate,  nar- 
rowed into  a  petiole,  dentate  or  incised  ;  the  cauline  mostly  oblong,  sessile  and  partly 
clasping,  finely  toothed  or  splnulose-serrate  ;  heads  [yellow]  numerous ;  involucels 
sub -globose,  6  lines  broad;  the  scales  very  rigid,  closely  appressed,  bat  with  very  long 
reflexed  or  squarrose  subulate  points ;  rays  numerous,  rather  narrow ;  pappus  of  2  to 
4  very  rigid  deciduous  bristles  or  awns.  August.  Eaton  in  Bot.  Rep.  of  King*8  JBkepl. 
of  the  Fortieth  Parallel. 
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eounty  (common),  and  In  the  Bed  rlTer  ralley  to  Grand  Forks,  Upham,  and  Saint  Vin- 
cent, Scott,  Havard.  **▲  new  weed  that  ts  steadily  gaining  ground,  traveling  eastward 
and  possibly  southward.  It  is  a  candidate  for  the  same  situations  the  large  ragweed 
prefers— the  edges  of  fields,  and  along  roadsides  and  streets,  but  especially  about  bams. 
If  circumstances  are  onfavorable,  It  can  blossom  when  only  a  few  inches  high,  while 
under  more  fortunate  conditions  it  reaches  much  aboTc  one's  head.  It  closely  resem- 
bles cocklebur  when  young,  but  as  it  grows  larger  has  more  the  appearance  of  the  com- 
mon sunflower,  with  flowers,  howcTcr,  after  the  pattern  of  the  ragweed.*'   Arthur, 

AMBROSIA,  Toum.       Raowebd. 

A •  triiida,  L.       Great  Ragrweed. 

Abundance  and  range  nearly  like  the  last ;  a  similarly  vile  weed. 

A.  triflda,  L.,  var.  integrifoilA,  Terr.  &  Gray.       Smaller  Ragweed. 
Hennepin  county,  HerrieH;  Blue  Earth  county,  LHberg, 

A.  artemisisefolia,  L.        Roman  Wormwood.     Hog- weed.     Bitter- weed. 
Common  or  frequent,  through  the  south  half  of  the  state;  extending  northwesterly 
to  Pembina  in  the  Bed  river  valley,  Havard,  and  to  the  Saskaichewan  river. 

A  •  psilostachya  •  DC.       Western  Ragweed. 

Freqaent  through  the  south  half  of  the  state ;  common  in  the  Bed  river  valley ; 
also  found  at  the  lake  of  the  Woods,  Davmm. 

XANTHIUM,  Toarn.       Cocklebur.    Clotbur. 

X,  Cauadense,  Mill.  (X.  stramarium,  in  Manual,)  Common  Cocklebur. 
Frequent,  or  common,  through  the  south  half  of  the  state ;  extending  north  to  the 
northwest  side  of  Mille  Lacs  (common),  and  the  Red  river  valley ;  found  at  the  lake  of 
the  Woods,  Daw9on.  (A.  variety  of  this  species,  having  no  putrescence  between  the 
prickles  of  the  fruit,  is  common,  occurring  in  company  with  the  ordinary  type,  in  Blue 
Earth  county  and  along  the  Blinuesota  river.    Letberg,") 

X.  Canadense,  Mill.,  var.  echinatum,  Gray.       Cocklebur. 

Banks  of  Spirit  lake,  and  head-waters  of  Little  ttloux  river,  Oeyer;  banks  of  the 
Red  river  (abundant),  Dauwm,  Scott;  and  on  the  shore  of  lake  Superior. 

HELIOPSIS9  Pera.       Ox-kyb.    False  Sukflower. 

H*  tevis,  PerB.        Ox-eye.    False  Sunflower. 

North  of  lake  Superior  (common),  Juni,  Roberta'  upper  Mississippi  river,  GarriBon; 
Pembina,  CMckerfng,  Perhaps  these  references  should  be  placed  Instead  under  the 
following  species,  which  certainly  is  the  prevailing  representative  of  the  genus  In  this 

state. 

H,  scabra,  Danal.*    (H.  Isevis,  Pers.,  var.  scabra,  Torr.  &  Gray.)       Ox-eye. 
False  Sunflower. 

Red  river  prairie,  Datnon,  Scott,  Havard;  Todd  county,  also  Minneapolis  and  Steele 
county  (common),  Upham;  Stearns  county,  Oarriaon;  Anoka  county  and  Now  Ulm, 
Juni;  Martin  county  and  Emmet  county,  Iowa  (abundant^  Cratty;  Blue  9arth  county, 
Gedge 

*  Hbuopsis  sgabba,  Dunal.  Hlspldulous-scabrous,  especially  the  leaves,  2  to  4 
feet  high :  leaves  from  broadly  ovate  and  subcordate  to  ovate-lanceolate,  the  upper 
occasionally  entire  :  rays  oblong,  nearly  or  quite  an  inch  in  length  :  akenes  smooth, 
but  the  angles  above  pubescent  when  young,  the  summit  usually  bearing  an  obscure  or 
evident  and  irregular  coroniform  chaffy  pappus,  or  sometimes  2  or  8  conspicuous  and 
rigid  teeth !  Otherwise  as  the  foregoing,  into  which  It  may  pass.  Orav*$  Synoptical 
Flora  of  N,  A. 
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£CHIXACE A »  McBnch.       Pobflb  Come-floweb. 

E.  angrustifolia,  DC.       Narrow-leaved  Parple  Cone-flower. 

Abundant  sottth  and  southwest;  extending  north  to  Anoka  county,  Juni,  Steams 
county,  CampbeU,  Grant  county,  Roberta^  9.nd  Clay  county  (common),  Upham.  (The 
club-shaped  stems,  six  to  nine  Inches  high,  remain  standing  through  the  winter.) 

BUI>B£CKIA,  L.       Cone-flower. 

R.  ladniata,  L.       Cone-flower. 

(3ommon,  or  frequent,  through  the  south  half  of  the  state  and  In  the  Red  river  val- 
ley :  on  Roseau  river,  Dcnmon, 

B.  subtomentosa,  Farsh.       Cone-flower. 
LapTiam.    Steams  county,  Ckurriaon.      Southeast. 

R.  birto,  L.       (]!one-flower. 

Common,  occasionally  abundant,  throughout  the  state,  excepting  perhaps  north- 
eastward. 

LEPAOHYS,    Raf.       Lbpachts. 

Li.  pinnata.  Torn  &  Gray.       Lepacbys. 

Frequent,  in  some  places  abundant,  southward;  extending  north  to  Minneapolis 
(common)  RoberUi,  Steams  county,  OampheU,  and  in  the  Red  river  valley  to  Clay 
county  (common),  CTp/iam,  and  Pembina,  Havard. 

It.  columnaris,  Torr.  &  Gray.*       Lepacbys. 

Upper  Minnesota  river,  Qeyer!  near  Moorhead.  Leiberg^  and  Olyndon,  Clay  county, 
Gedge;  Pembina,  ScoU.      West. 

HELIANTHUSy  L.       Sunflower. 

H«  petiolaris,  Nuit.f       Sunflower. 

Dunes  at  Sand  Hill  river,  Garfield,  Polk  county  (lanceolate  leaves,  opposite  on  lower 
half  of  the  stem ;  rays  about  12,  one  to  one  and  a  half  Inches  long ;  disk  dark-purple), 
Vpham.    West. 

H  aniiau8,L4    (H.  lenticularis,  Dougl.)       Sunflower. 

Frequent  in  the  Red  river  valley;  Saint  Vincent,  Grand  Forks,  and  Norman  county, 
Upham.  West.  (Indigenous  throughout  the  westem  half  of  the  United  States ; 
referred  to  H.  annuus,  L.,  the  cultivated  sunflower,  as  its  original  and  typical  form,  by 
Gray  in  the  Botany  of  Oalifomia  and  American  Journal  of  /Science,  series  s,  xxv,  215. 
"Gigantesque  forms  every  where  commonly  cultivated,"  and  occasionally  adventlve.) 

^Lbpachts  column abis,  Torr.  &  Gray.  Strigose-scabrous,  branched  from  the 
base,  1  to  2  feet  high ;  radical  leaves  usually  undivided,  spatulate-lanceolate,  cauline 
ones  plnnately  parted,  the  upper  sessile,  segments  linear-lanceolate  or  oblong,  rigid, 
mucronulate,  entire,  rarely  somewhat  lobed  ;  disk  columnar,  longer  than  the  ft  to  8  ob- 
long or  obovate-oval,  recurved,  yellow  rays ;  chaff  with  woolly  tips.  Disk  l  Inch  or 
more  long.   Jforter  and  Coulter's  Flora  of  Colorado. 

tHKUAKTHUS  PSTiOLA&is,  Nutt.  Stem  crect,  1  to  8  feet  high,  strigose  or  hispid, 
branching ;  leaves  scabrous,  alternate,  the  lower  sometimes  opposite,  ovate-lanceolate 
of  ovate,  entire  or  somewhat  repand -toothed,  3-nerYed,on  very  long,  slender,  scabrous 
petioles;  peduncles  terminal,  naked,  bearing  solitary  (usually  large)  heads;  scales  of 
the  involucre  lanceolate,  acute  or  acuminate ;  disk -flowers  pubescent  at  base  ;  achenla 
villous :  pappus  of  two  chaffy  awns.  Heads  very  variable  in  size .  Porter  and  CouUcr*s 
Flora  of  Colorado. 

$See  description  of  Hblianthus  akkuus,  L.,  on  next  page. 
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H.  rigidus,  Desf.        Sanflower. 

Common  through  the  south  half  of  the  state  and  in  the  Bed  rlrer  valley ;  one  to 
three  feet  high  on  the  natural  prairie ;  persisting  as  a  troublesome  weed  in  wheat- 
fields  during  the  first  two  or  three  years  of  cultivation,  there  growing  from  three  to  five 
feet  in  hight. 

H*  Isetifloras,  Pers.       Sanflower. 

Martin  county,  CMge;  Blue  Earth  county,  LHberg;  Bedwood,  Todd  (common), 
Wadena  and  Polk  counties,  Upham;  Pembina,  Havaard.      Sooth  and  west. 

H.  occidentalls,  Riddell.       Sanflower. 

St.  Croix  river.  Pari'v;  plentiful  near  lake  Johanna,  Ramsey  county,  RohertSt  Her' 
rich;  lake  Pepin,  Mi$8  ManninO'      Infrequent.      Southeast. 

H.  MaxImlHftPJ,  Schrader.*        Sanflower. 

Common  in  the  sooth  half  of  the  state ;  reaching  eastward  at  least  to  Minneapolis, 
where  it  is  plentiful ;  also  abundant  in  the  Red  river  valley :  extending  northwest  to 
the  Saskatchewan  river  (Gray's  Synoptical  Flora  ofN.  JL.).'  Usually  from  nine  to  eigh- 
teen inches  high,  or  sometimes  three  to  five  feet,  on  the  natural  prairie  ;  but  continuing 
as  the  most  troublesome  weed  in  wheat-flelds,  where  it  commonly  grows  four  to  six  feet 
in  hight  and  sometimes  eight  feet  or  more ;  foliage  dull,  grayish  green  ;  flowers  showy, 
occasionally  double  (with  all  the  corollas  llgulate),  blooming  from  July  to  September. 
The  most  noteworthy  member  of  this  genus  in  Minnesota.      West  and  south . 

Determined  by  Prof,  Am  Qray;  previously  supposed,  by  the  local  botanists  of  the 
state,  to  be  H.  glganteos,  L. ;  In  Dr.  Lapham's  catalogue.  It  appears  to  be  called  H.  to- 
mentosus,  Mlchx. ;  to  JR.  I.  OraJOiu  and  J.  C,  Arthur  belongs  the  credit  of  obtaining  its 
correct  identification.  (See  Arthur's  ConJbribvJtAom  to  tTie  Flora  of  Iowa,  No.  Y ,  and  his 
note  respecting  this  species  In  the  Botenical  OaatetU,  vlll,  p.  888.  l>r,  George  Eogelmann 
wrote  me,  Dec.  27, 1883 :  "The  notice  in  the  Botanical  QaaetU  about  Hellanthus  Maxi- 
millanl,  wondering  that  It  was  found  so  far  north.  In  Minnesota,  is  founded  on  error. 
The  species  comes  originally  ftom  the  upper  Missouri,  latitude  of  Minnesota,  and  has 
often  been  collected  in  Minnesota  also  by  me ;  but  extends,  like  many  prairie  plants, 
through  many  degrees  of  latitude,  to  Texas.") 

H.  grisr&nteas.  L.        Sanflower. 

St.  Croix  river,  Parry;  lake  Pepin,  Mss  Manning;  Minneapolis,  Twtning;  north  of 
lake  Superior,  Roberta;  and  northwest  to  the  Saskatchewan  river,  Gray's  Synoptical 
Flora  of  IT,  A,      Infrequent.      East  and  north. 

H.  srrosse-serratus,  Martens.        Sanflower. 

Moist  prairies,  Minnesota  river,  Oeyer;  abundant  in  Martin  county  and  In  Emmet 
county,  Iowa,  Cratty;  lake  Pepin,  Mi8s  Mannina;  moist  land,  Minneapolis*  and  Red- 

HxuANTHUB  AKKUU8,  L.  (H.  lenticularis,  Dougl.)  Annual,  scabrous  and  even 
hispid ;  stems  purple-spotted,  stout,  a  to  8  feet  high,  brancblng :  leaves  alternate, 
ovate,  acuminate,  coarsely  serrate,  8  to  e  inches  long,  2  to  4  Inches  broad,  8-nerved  at 
the  base  and  suddenly  narrowed  Into  a  petiole  nearly  as  long  as  the  leaf ;  uppermost 
leaves  more  lanceolate ;  heads  mostly  panlcled,  peduncled,  24  to  4  Inches  broad ;  Invo- 
lucre spreading ;  the  numerous  ovate  clliate  abruptly  acuminate  scales  Imbricated  In 
about  8  rows,  outer  ones  shortest ;  rays  20  to  24  [to  40],  large ;  chafE  of  the  flat  receptacle 
nearly  as  long  as  the  purplish  disk-flowers,  ceneave,  earlnate,  tricuspidate,  the  middle 
point  much  the  strongest  and  dark-colored ;  achenia  finely  appressed-pubescent ;  pap- 
pus of  two  lanceolate  chaffy  awns.  Eaton  in  Bot  Rep,  o/  Kino*B  Expl.  of  the  Fortieth 
Parallel, 

•Heliakthos  BlAxiMiiJAM I,  Schrad.  Stem  strlgose-scabrous,  branched ;  leaves 
alternate  (those  of  the  branches  sometimes  opposite),  lanceolate,  entire  or  nearly  so, 
tapering  to  each  end;  acuminate,  very  scabrous  and  often  canescent-strigose  on  both 
sides,  the  lower  petioled ;  scales  of  the  involucre  lanceolate-subulate,  much  attenuate, 
strigose-canescent ;  pappus  of  two  lanceolate  slightly  fringed  chaffy  scales.  Arthur^s 
ContrihutioM  to  the  Flora  of  Iowa,  No.  V,  from  Torrey  and  Gray*8  Flora  of  N,A, 
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wood,  Stoarni  and  Pope  eoanttes  (eoaunonX  Upham;  lest  frequent,  or  nantlBg,  tn  the 
Bed  rlTor  TaUey ;  foor  to  eigbt  feet  hifb ;  leaTee  dark  green,  eoanely  toothed,  with 
Intenrals  Tarying  from  a  quarter  to  two-thirds  of  an  inch  between  the  teeth.      Booth. 

H,  stnimosiu,  L.       Sunflower. 

Through  the  eonth  half  of  the  state,  infreqoent.  Douglas  eonnty.  Mn,  Terry; 
Mew  Ulm,  Junl;  Blue  Barth  eounty.  iXherg;  MUmemiolls,  Tioffilna,  JiTawttZM;  lake 
Pepin,  M i8&  Manning,  [The  Tar.  niollla»  Torr.  ft  Qray,  probably  also  oeeuzs  In  this  state.] 

H.  diTaiicatns,  L.       Sunflower. 

Minneapolis,  ete.  (common),  BoberU;  Saskatchewan  rlrer,  Oray's  Synoptkal  Flora 
€f  N.  A.      South  and  west. 

H.  hirsutus,  Raf.       Sunflower. 

Minneapolis,  ThMnkig,  Upham;    Worthlngton,  Nobles  county  (common^  Foots. 
South. 

H.  tracheliifolioSy  Willd.       Sunflower. 

Frequent,  or  common,  throughout  the  state,  excepting  northeastward.  Minneapo- 
lis, Roberts;  lake  Pepin,  Jftet  Manning;  upper  Mississippi  river,  Ganrimm;  Pembina, 
Havaird;  Bltic  (common),  Morrison  and  Polk  connties  (often  showing  forms  Intermediate 
between  this  and  the  next,  partaking  of  the  characters  of  bothX  Upham, 

H.  decapetalns,  U       Sunflower. 

Lapham.  Anoka  county,  also  Mew  Ulm  (common),  Juni;  Steams  county,  etc, 
Upham.  [The  form  called  rar.  frondosus,  in  Oray's  Manual,  has  been  obeenred  in 
Steams  county  by  Oarrimm.] 

U.  tuberosus,  L.     (H.  doroniooidee,  in  Manual.)        Sunflower.    (Original 
of  Jerusalem  Artichoke.) 

Throughout  the  state.  Minnesota  and  St.  Croix  rivers.  Parry;  Bedwood  Falls,  Mim 
Butter;  New  Ulm  (common),  Juni;  upper  Mississippi  river,  Oarrimm;  common  in  the 
valley  of  the  St.  Louis  river  and  northeasterly,  Clark;  extending  northwest  to  the  Sas- 
katchewan river,  Gray's  Synoptical  Flora  of  N,A, 

H.  tuberosus,  L.,  yar.  subcanescens,  Ghraj.       Sunflower. 

Mostly  dwarf  (about  two  feet  high),  comparatively  smalMeaved,  rough-hlspldulous 
or  scabrous,  but  the  lower  fice  of  the  leaves  whitish  with  soft  and  fine  pubescence.— 
Plains  of  Minnesota,  Dakota,>etc.,  Kermieottt  Co%ie$,  irard,8ometimea  with  well-de- 
veloped tubers.  Oray's  Synoptkal  Flora  of  N,  A, 

COREOPSIS,  L.       TioKSKBD . 

C,  lanceolata,  L.       lickseed. 
LapTiam,      Bare.      Southeast. 

C.  tinctoria,  Nntt.*       Tickseed. 

Low  ground,  Saskatchewan  and  Minnesota  to  Louisiana,  Texas  and  Arizona.  Oray's 
Synoptical  Flora  of  N.  A, 

C  iialmata,  Nutt.       Tickseed. 

Common  through  the  south  half  of  the  sute;  extending  north  to  the  upper  Missis- 
sippi river,  Houghtont  Oarrioon,  and  northwest  to  Winnipeg,  Oray's  Synoptical  Flora 
•of  N»  A, 

^COBXOPBis  TiKcroBiA,  Nutt.  Annual :  glabrous,  2  or  8  feet  high:  leaves  opposite; 
Tadical  and  some  lower  cauline  leaves  2-pinnately  divided  into  lanceolate  or  linear 
divisions ;  upper  with  8  to  Tlinear. divisions :  outer  involucre  short  and  close :  rays  from 
half  to  three-fourths  inch  long,  sometimes  base  only,  sometimes  nearly  all  crimson - 
brown  :  akenes  oblong,  thlnnlsh,  moderately  iucurved,  wingless ;  pappus  none  or  an 
obscure  border.    (Tray's  Synoptical  Flora  of  y,A. 
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C  arlstosa,  Michz.       Tickseed. 

AnolM  county,  Juni;  peat  bogs.  Blue  Earth  eomity.XiettMrer.     Infrequent     South. 

C.  trlchosperma,  Michx.       Tickseed  Sunflower. 
Laphcnn,      Saint  Paul,  KeO&y.      Southeast 

BID£NS,  Toam.       Bub-Mabigold. 

B.  ftondosa,  L.        Common  Beggar-ticks.    Stick-tight. 
CommoD,  or  frequent,  throughout  the  state. 

B.  connata,  Mnhl.       Swamp  Beggar-tieks. 

Xophom.      Blue  Earth  eounty,  LUbmv:  MUineapolls,  Boherfs.      South. 

B.  eemiia«  L.       Smaller  Bur-Maiigold. 

Common  north  of  lake  Superior,  Roberts,  and  at  Glenwood,  Pope  eounty,  UpTwm; 
Steams  county,  OampheU;  Anoka  county,  also  New  Ulm,  Jvni;  Bamsey  county,  KeiUy ; 
lake  Pepin,  Jf  Os  Mann4ng:  Nobles  county,  Leiberg;  not  common  southward,  nor  In 
the  Bed  rlTcr  yalley. 

B.  chrysanttaenioides,  Michz.       Larger  Biu>Maiigold. 
Common  throughout  the  state. 

B.  Beckii,  Torr.        Water  Marigold. 

St  Croix  rirer  to  the  sources  of  the  Mississippi,  Houffhton;  lake  of  the  Woods, 
Daw9on;  Minneapolis  (common),  Roberta,       Probably  froqnent  throughout  the  state. 

DYSOI>IA,  Cav.       Fbtid  Marigold. 

D.  chrysanthemoldes.  Lag.       Fetid  Marigold. 
Nobles  county,  XeilMrv.      Infrequent      South. 

GAUiliABDIA,  FoageroQz.       Gaillabdia. 

G.  aristata.  Porsh.*       Gafllaidia. 

Lapham,  Bed  river  raUey,  in  Clay  eeunty,  Oedge,  Marshall  county,  WincheU,  and 
near  Saint  Vlnoent,  8c(fU,      West 

^AiLLABDiA,  Fougeroux.  Heads  many-flowered,  radiate ;  rays  neutral ,  deciduous, 
nany-nerred,  the  apex  trifld ;  diik-flowers  perfect,  the  tube  short,  the  5-cleft  limb  his- 
pid with  articulate  usually  colored  hairs.  Beceptaele  oouTex,  usually  flmbrlllate.  In- 
Tolueral  scales  in  two  or  three  series,  from  a  rigid  base,  running  into  a  leafy  appendage 
longer  than  the  disk.  Branches  of  the  style  terminated  by  a  long  awl-shaped  hispid 
appendage.  Acheniaoblong  or  Inversely  pyramidal,  tIUous.  Pappus  of  e  to  lo  mem- 
branous or  hyaline  scales,  the  mldnerre  produced  Into  a  slender  awn.— North  American 
herbs  mora  or  less  pubeecent  or  glandular.  Leaves  alternate,  the  lower  ones  petloled 
and  often  lobed,  the  upper  sessile  and  entiro.  Heads  on  long  naked  peduncles.  Rays 
yellow,  often  saitron-eolorod  or  brownish-purple  at  the  base.  Bisk-flowers  yellow  or 
violet.   Bot.  Rep,  of  King^e  Xxph  of  the  Fortieth  ParaUel, 

G.  ABitTASA,  Pursh.  Peronnial,  vlllous-pubesoent  or  almost  tomentose  with  Jointed 
hain ;  stem  simple  or  branched,  l  to  2  feet  high ;  leaves  minutely  punctate ;  radical 
and  lower  ones  lanceolate,  tapering  into  slender  petioles,  sinuate  plnnatlfld  or  coarsely 
toothed,  minutely  serrate  or  nearly  entiro ;  the  uppermost  linear  or  oblong-lanceolate* 
sessile,  usuaUy  dilated  at  the  base  and  parUy  clasping ;  heads  large,  l%  to  2%  inches  In 
dlaiwter,  including  the  rays ;  IbvoIqck  hirsute ;  eeroUas  of  the  disk  with  short,  broadly 
sabulatc' teeth,  of  a  rich  brownish-purple  or  marwrn  color ;  rays  lo  to  18,  crowded. 
•|piigated^cunelform,deep  yellow;  chait  of  thopappivS  to<,  broadly  lanceolate ;  flm- 
brilln  of  the  receptacle  few,  arist»f6rm,  slender;  disttnet,  not  dilated  at  the  base,  2  to 
a  tUnes  the  length  of  the  nearly  smooth  aeheala.  Porfsr  mid  OouiUr'e  Flora  of  (Marado. 
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G.  pinnatifida,  Torr.*       Gaillardia. 

Red  river  prairie,  i>aii»ofi.  West  (mostly  aoathwest).  [Perhaps  more  correctly 
referable  to  the  preceding  species.] 

ECBLENIUM,  L.        Snbbzk-webo. 

H.  autumnale,  L.       Sneeze- weed. 

Common  through  the  south  half  of  the  state  and  in  the  Bed  river  valley ;  extendiac 
northeastward  at  least  to  the  upper  Mississippi  river,  Ckwrison. 

ANTHEMIS,  L.       Ghahomilb. 

A.  Cotula,  L.  {MartOa  Cctula,  DC.)       May-weed.    Dog  Fennel 

A  common,  often  abundant,  weed  in  the  southern  two- thirds  of  the  state ;  less  tre* 
quent  In  clearings  of  the  forest  farther  uorth ;  also  less  eommon  westward,  and  scatce 
from  Ada  northward  in  the  Bed  river  valley. 

A.  nobilis,  L.        Garden  Chamomile. 
Adventive,  Beaver  Bay.  Juni. 

ACUILIi£A,  Vaill.       Yarbow. 

A.  Millefolium,  L.       Commoii  Yarrow  or  Milfoil. 

Common  throughout  the  state.  The  following  notes  describe  this  species  on  the 
north  shore  of  lake  Superior :  "Abundant  all  along  the  shore,  forming  a  fringe  of  white 
Just  on  the  line  between  the  forest  trees  and  the  waves :  was  not  found  In  other  eitua- 
tions."  JTvfii.— "The  rose-colored  variety  occurs  sparingly,  showing  all  shades.of  color 
from  white  to  a  quite  deep  pink,"   Roberts . 

CHRYSANTHEMUM,  Toura.       Chbtbahthbicuh. 

C.  Leueanthemum^  L.  {Leucanihemum  vulgare^  Lam.)       Ox^ege  Daisy*    WhUe- 
weed. 

Lake  City,  Miee  Mannino;  Stillwater,  Jf  iss  Field;  Mankato,  Prof.  BeeMoU;  Min- 
neapolis (frequentX  Rohertt;  Saint  Cloud,  Compbett;  upper  Mississippi  river,  Oarrieon, 
Bare  or  local ;  inclined  to  spread  *,  an  abundant  and  pernicious  weed  in  states  farther 
east. 

.TAKACETUM,  Toum.       Tansy. 

T.  vulgare^  L.        Ommon  Tanty, 

Adventive :  lake  Pepin;  Qoodhue  county ;  Minneapolis ;  Blue  Sarth  county ;  Bm- 
met  county,  Iowa. 

T.  Haronense^  Nutt.       Lake  Hnion  Tansy. 

Upper  Mississippi  river,  OorrCaon.      Infrequent.      North. 

ARTEMISIA,  Toum.       Wobmwood. 

A.  glauca,  Pall-t       Wormwood. 

Saskatchewan  and  Minnesota,  Drumnumd,  Nicollet,  Kennicotl.  {Qray*9  Synoptical 
Flora  of  N.  A,) 

*GAiLLARDiA  PiKKATiFiOA,  ToHT.  Perennial,  canescent ;  stems  8  to  IS  inches  high, 
branching ;  leaves  sessile,  pinnatllid,  the  raehis  and  remote  lobes  linear;  heads  rather 
small;  involucre  in  about  two  series,  nearly  equal  to  the  disk ;  rays  deeply  8-cleft ;  chaff 
of  the  pappus  lanceolate ;  flmbrills  of  the  receptacle  arlstsBform,  slender,  sparse,  longer 
than  the  achenla.  Porter  and  CoulMr'e  Flora  of  Oolorddo.— A  showy  flower ;  heads  1  to 
2  inches  broad ;  rays  yeUoW,  or  purple  toward  the  base ;  disk-flowers  purpUsh :  leaves 
1  to  3  Inches  long.   Bot  Bep.  of  King*8  Expl.  of  the  Fortieth  PareUeL 

i  See  description  of  Abtxmibia  olauga.  Pall.,  on  next  page. 
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A.  dracanculoides,  Punh.       Wormwood. 

Common  through  the  south  haU  of  the  state,  and  iirobably  ooourrlng  also,  hot  less 
frequently,  in  the  Bed  rlTor  Talley ;  extending  northeast  to  Crow  Wing  and  Todd  coun- 
ties, Upham, 

A.  tM>realis,  Pallas.       Wormwood. 

Upper  Mississippi  river,  GarHson.  North.  [Probably  the  yar.  Wobkskioldii, 
Bess.,  which  is  taller,  lo  to  16  inches  high,  with  more  numerous  heads  in  looser  or  com- 
pound narrower  thyrsus,    Qray*$  Synoptical  Flora  of  N,  A .] 

A.  Gitnadeiisis,  Michx.       Wormwood. 

Lake  Superior  to  sources  of  the  Mississippi,  HmtghUm,  Chtrriaon;  lake  of  the  WoodSt 
DaiUMon;  Bed  river  valley,  ScoU;  White  Bear,  Bamsey  county,  KeUey.      North. 

A.  caudata,  Michx.       Wormwood. 

Common,  through  the  south  half  of  the  state ;  abundant  (frequently  having  galls)  in 
the  Bed  nver  valley,  Upham. 

A.  serrata,  Nutt.*       Wormwood. 

Prairies  and  low  grounds,  Illinois  to  Dakota ;  first  collected  by  NuUaU.  (Gray's 
SyihopHeal  Flora  of  N,  JL.) 

A.  longifolia,  Nuttf       Wormwood. 

Boeky  banks,  Mlnneeota  and  Nebraska  to  Saskatohewan  and  Montana ;  first  col- 
lected by  NtUtaU,  or  by  LmoiB  and  Claries.   (Gray's  SynopUeal  Flora  <tf  N.  A.) 

A.  liUdovleiana,  Natt.       Western  Magwort.    '*  Sa^re.** 

The  form  with  Incised  or subpinnatlfid  leaves  is  occasionally  found  through  the  south 
half  of  the  state  and  In  the  Bed  river  valley,  Upham,  This  is  not  regarded  by  Gray's 
Synoptical  Flora  as  distinct  from  the  form  with  undivided  leaves  <var.  gnaphalodes,  in 
Manual),  which  has  been  noted  as  follows :  Mlnoeapolis,  Roberta;  Blue  Earth  county, 
Leiherv;  abundant  in  Martin  county,  and  In  Emmet  county,  Iowa,  Oratty;  Bed  river 
▼alley  (common),  Upham,  Scott,  {Vr,  Arthur  states  that  the  first  of  these  forms  is 
Infrequent  or  rare  in  Iowa ;  but  that  the  seeoud  is  common  there.  Specimens  of  this 
species  sent  by  Prof,  Oedge  from  Marshall,  Lyon  county.  In  rich  soil  near  the  Bedwood 
river,  have  the  broadly  lanceolate  leaves  all  entire  or  only  sparingly  toothed,  with  their 
upper  surface  nearly  glabrate  and  green  ;  as  is  said  by  Gray's  SynopUeal  Flora  to  be 
sometimes  their  condition.) 

A.  biennis,  Willd.       Biennial  Wormwood. 
Frequent,  often  common,  throughout  the  state. 

A.  AbsifUhium,  L.        Oomnum  Garden  Wartnwood. 

Lapham,      Blue  Earth  county,  Ltiberg,      Barely  adventlve. 

ARTKiciBiA  qulVOL,  Pall.  Mioutely  silky  pubescent  or  eanescent,  sometimes 
glabrate  and  glaucous:  stems  strict,  a  foot  or  two  high, somewhat  woody  at  base:  leaves 
rather  short,  from  linear-  to  oblong-lanceolate,  mostly  entire,  occasionally  some  8-oleft, 
•r  the  lowest  even  more  divided :  heads  nearly  of  the  next,  into  which  It  probably 
passes .    Oray*$  Synoptical  Flora  of  N.A. 

*AxiBMJSiA  BJURATA,  Nutt.  Stcms  6  to  9  fcct  high,  vcry  leafy ;  leaves  green  and 
lilabrous  above,  white-tomentose  beneath,  lanceolate  or  uppermost  linear,  3  to  7  Inches 
long,  all  serrate  with  sharp  narrow  teeth,  pinnately  veined,  the  earliest  sometimes 
ptnnately  incised :  heads  amply  paniculate,  rather  few-flowered,  less  than  two  lines 
long,  greenish,  hardly  pubescent.    Oray'$  Synoptical  Flora  of  N,  A. 

tABTSuisiA  LOvoiFOLiA,  Nutt.  Btcm  2  to  6  fcct  high :  leaves  entire,  at  first  tomen- 
toloee,  but  usually  glabrate  above,  white  tomentose  beneath,  linear  or  linear-lanceolate 
(8  to  7  inches  long,  i  to  6  lines  wide) ;  veins  obsolete :  heads  amply  paniculate,  usually 
eanescent,  2  to  3  lines  long,   Oray'a  SynopUeal  Flora  of  N.A, 
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A.  frisrida,  WiUd.       Wormwood.    ''Sage/* 

Lake  Sapertor ;  "rlBing  cround,  east  of  the  Bed  rtrer  prairie,"  Daxuon,  8€ctt;  n« 
southward  to  Minneapolis  (plentiful  on  the  riTor  bluffs  below  the  falls  of  St.  Aothony) 
and  Fort  Spelling,  lake  Pepin,  Mi$8  Mamning,  and  Pipestone  eountj,  LHberg,  Mn, 
BenneU,   Local. 

GKAPHAIilUM,  Ju       Cudweed.    Evbrlastiho. 

G.  decurrens,  iTes.       Eyerlastmg. 

North  shore  of  lake  Superior  (Deronda  bay  and  Grand  Portage  Island),  Juni;  Nicol- 
let county,  Oedge,      Infrequent,       Northeast. 

G.  polyoephalnin,  Michx.       Common  Everlastinf?. 

Throughout  the  state,  but  infrequent.  Lake  Superior,  Whitney;  lake  of  the  Woods, 
Daw9on;  St.  Crolz  Falls,  Min  Field ;  lake  Pepin,  Jftos  Manmlino:  Blue  Earth  county, 
Iieiberg. 

G.  Qliginosum,  L.       Low  Cudweed. 

Lapham.      Pipestone  county,  Mrs.  BenneU,      Infrequent. 

ANAPHAJLIS,  DC.       Eysblastino. 

A.  margaritacea,  Benth.  &  Hook.    (Antemiaria  margaritaoea,  R.  Br.) 
Pearly  Everlasting. 

Common  at  Beaver  Bay  (north  shore  of  lake  Superior),  and  at  Minneapolis,  Boh- 
erU;  Wadena  county,  etc.,  Upham;   Blue  Earth  county,  Leiberg,       Throughout. 
Local. 

ANTENKABIA,  Gnrto.       Eveblabtino. 

A.  plantasrinlfolia.  Hook.       Plantain-leaved  Everlasting. 
Common,  or  abundant,  throughout  the  state. 

EBECHTITES,  Raf.       Fibbwebd. 

£•  hieracifolia,  Raf.       Fireweed. 

steams  county.  Garrison;  Douglas  county,  Mrs,  Terry;  fUls  of  the  St.  Croix, 
PoNTv;  Minneapolis,  ITcMsube;  lake  Pepin,  AfiMifaffMiiiia;  Anoka  county,  also  Kew 
Ulm,  Juni;  Blue  Earth  county  (common),  Leiberg,      South. 

CACALIA9  L.       Indian  Plantain. 

C.  reniformis,  Muhl.       Oreat  Indian  Plantain. 

Fillmore  county,  WinehM ;  lake  Pepin,  Mite  Mcmniknai  Hennepin  county,  HerHefe. 
Infrequent.      South. 

C.  atripllcifolia,  L.       Pale  Indian  Plantain. 
Goodhue  county,  Scmdberg,      Southeast. 

C.  taberosa,  Nntt.       Toberoos  Indian  Plantain. 

Dakota  county  (frequent),  Upham:  Steele  county,  Miee  Bktljy;  Blue  Barth  county. 
Leiberg;  New  Vim,  Juni;  common  in  Martin  county  and  in  Emmet  county,  Iowa,  CraHty. 

South. 

SENECIO,  Toam.       Groundsel. 

S,  vulgaris^  L.       dnnman  ChroundseU 

Mankato  (frequent),  Leiberg;  Saint  Paul,  KeUey, 

S.  palustiis.  Hook.       Groundsel. 

Common,  or  frequent,  through  the  northemand  central  portions  of  the  state: 
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extending  eastward  at  least  to  the  St.  Louis  ilTer,  Mn,  Herrich,  Morrison  county  and 
Minneapolis,  Upham,  Goodhue  eoonty,  ScmOberg,  and  lake  Pepin,  Mies  Manning: 
abundant  about  lakes  in  Grant  county,  Roberts,  and  in  swamps  near  New  Ulm,  JuM; 
▼ery  rare  in  Bmmet  county,  Iowa,  OraUy, 

S.  integr^nrimuAyNait.*  .    Gfonndsel. 
Jjophom,      West. 

S«  aureus,  L.       Golden  Rai^wort    Sqaaw-weed.    Life-root. 
Common,  or  frequent,  throughout  the  state,  In  some  portions  abundant. 

S.  aureus,  L.,  yar.  obovatus,  Toim  &  Ghray.       Gk>iden  Ragwort.    Sqnaw- 
weed. 

Minneapolis,  Kassube ;  Pipestone  county,  Mrs,  BenntU;  and  perhaps  throughout 
the  state. 

S.  aureus,  L.,  yar.  BalsamitsB,  Torr.  &  Qray.      Qolden  Ragwort.    Sqaaw- 
weed. 

Throughout  the  state.  North  of  lake  Superior,  Agastiz ;  Pembina,  Chieltering; 
Pokegama  Falls,  Houghton;  Minneapolis,  Roberts, 

S.  canusy  Hook«t       GroondseL 

Put  in  bay,  north  shore  of  lake  Superior,  Juni.      North. 

S.  luirens,  Rid)ard8on.t  (Including  Tar.  Hookeri»  Eaton.)       Groundsel. 

Bed  river  Talley  near  Moorhead,  Leiberg;  Pipestone  county,  Mrs,  Bennett,  [Also 
Plymouth  county,  in  northwestern  Iowa,  Arthur,]      West. 

ARNICA,  L.       Abnioa. 

A.  Chamissouis,  Less.    (A.  mollis,  Hook.)       Arnica 
North  shore  of  lake  Superior,  Jwil      North. 

CENTAUBEA,  L.       Stab  Thistlb. 

C.  Cifanua,  L.       Bliu-hcUle.    Baehehr^s- Button. 
Escaped  from  gardens,  Blue  Earth  county,  Leiberg, 

*SmKgaio  unEamBMiMVB,  Nutt.  Glabrous  throughout ;  stem  simple,  striate,  13  to 
18  inches  high ;  leaves  entire ;  radical  ones  8  to  6  Inches  long  and  l  to  2  Inches  wide, 
rather  obtuse,  tapering  into  a  petiole,  somewhat  fleshy,  upper  small,  lanceolate,  acute, 
partly  clasping ;  corymb  simple  or  neariy  so ;  heads  rather  large,  8  to  80 ;  iUTOlucre 
hemispherical,  bracteolate,  scales  16  to  20,  narrowly  linear,  acute ;  rays  about  8,  small ; 
disk-flowers  40  to  SO ;  aohenia  striate,  nearly  glabrous.  Porter  and  Coulter's  Flora  cf 
Colorado, 

tSsmBcio  OAWS,  Hook.  Whitish  tomentose  throughout ;  stems  tufted,  2  to  12 
laches  high ;  radieal  leaves  obovate,  obtuse,  narrowed  into  short  petioles ,-  the  cauline 
sessile,  lanceolate,  plnnately  cleft,  or  with  a  few  teeth  near  the  base,  rarely  entire ; 
heads  rather  large,  few  in  a  simple  corymb ;  Involuere  nearly  ecalyeulate ;  rays  8  to  12, 
not  twlceas  long  as  the  involucre;  achenia  glabrous.  Baton  in  BoL  Rep.  of  King's 
Bbupl.  of  the  Fortieth  PorolM. 

tSuntao  LUOXN8,  Blchardson.  Lightly  flocoose-wooUy  when  young,  in  the  typical 
form  early  glabrate  and  bright  green :  stem  e  inches  to  2  feet  high,  few-  and  small- 
leaved  and  naked  above,  terminated  by  a  cyme  of  several  or  rather  numerous  heads 
(these  about  five  lines  high) :  radical  and  lower  eauline  leaves  spatulate,  varying  to 
oval  or  oblong,  either  gradually  or  abruptly  contracted  at  base  Into  a  winged  or  mar- 
gined short  petiole,  usually  repaad-  or  ealloos-denticnlate ;  upper  cauline  lanceolate 
or  reduced  and  braet-Uke;  bracts  of  the  campanulate  involucre  lanceolate,  with  ob- 
tuse or  acutlsh  commonly  blackish-sphaeelate  tlpe :  heads  many-flowered :  rays  lO  or 
12,  conspicuous.    Oray^s  Synoptledl  Flora  of  N,A, 
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CNICUS,  Toarn.    (Included  in  Cibsiqk  by  Ifantial.)       Thistls. 

C.  lanceolatus,  Hoffm.        Common  Thistle, 

Frequent,  but  seldom  plentiful,  throughout  the  state.  North  of  lake  BuperiOFf 
Juni;  Pembina,  Havard;  Minneapolis,  Oriswold,  Kctstuhe;  lake  Pepin,  Miaa  Manning: 
Wabasha,  Oihson;  Nicollet  county,  Aiton;  Blue  Earth  county  and  southward  (common), 
Leiberg, 

C.  Pitclieri,  Torr.        Pitcher's  Thistle. 

North  shore  of  lake  Superior,  Mcu^oun;  doubtless  in  Minnesota. 

C.  undulatus.  Gray.        Thistle.       • 

North  of  lake  Superior  (In  a  grass  field  at  Grand  Marals,  said  to  have  made  Its  first 
appearance  In  1878),  Ro2)ert8,  LNear  Fort  Pierre,  Dakota,  Oeger,]  Plains,  &c.,  from 
lake  Huron  and  Minnesota  to  Saskatchewan,  west  ta  Oregon,  south  to  Kansas  and 
New  Mexico.   Gray*8  Synoptical  Flora  of  N.A, 

O.  undulatiis,  Gray,  var.  canescens.  Gray.       Thistle. 

Merely  a  form  with  smaller  heads,  sometimes  not  over  an  inch  long,  the  leaves 
varying  from  ell  lately  splnulose-dentate  to  deeply  plnnatlfld.->Mlnne8ota  to  New 
Mexico  and  southern  Utah.    Gray*8  Synoptical  Flora  of  N.A, 

C.  undulatuSy  Gray,  var.  mciracephaluSy  Gray.       Thistle. 

Stouter  form,  usually  broader-leaved,  with  broad  heads  2  Inches  or  more  long.— 
Minnesota  and  Texas  to  Idaho.   Oray*8  Synoptical  Flora  ofN^A, 

C.  altissimus,  Willd.       Tall  Thistle. 

Lake  Pepin,  if  iss  Manning;  Minneapolis,  Simmom;  Faribault,  MiM  Beam;  Blue 
Earth  county,  Leiberg;  abundant  in  Martin  county,  and  in  Emmet  county,  Iowa.  CraUy; 
common  northwestward  and  in  the  Red  river  valley,  Upham,  Scott.      South  and  west* 

C.  altissimus,  Willd.,  var.  discolor.  Gray.  (0.  discolor,  Muhl.)       Thistle. 

Minneapolis,  Kassuibe,  Hoberte,  Simmons;  Hesper,  Iowa  (common).  Mrs.  Carter; 

Worthington  (common),  Foote;  Redwood  Falls,    Pemberton;  Anoka  county,  Juni; 

Stearns  county,  Qarriaon;  Olay  county,  Upham;  Pembina,  Havard.      South  and  west. 

C.  muticuSy  Parsh.       Swamp  Thistle. 
Common,  or  frequent,  throughout  the  state. 

C.  pumlliis,  Torr.       Pastare  Thistle. 

Goodhue  county,  Sandberg;  Dakota  county  (frequent),  XIpham]  Anoka  county, 
Juni;  Stearns  county,  Oarrieon;  Alexandria,  Douglas  county,  Mrs,  Terry.      South. 

O.  arvensis^  Hoffm.        Canada  Thisils.  « 

Newburgh,  Fillmore  county,  Mrs.  Carter ;  covering  about  an  acre  close  west  of 
Rochester,  Olmsted  county ;  a  few  miles  east  of  Faribault ;  Stlilwatdr,  Miss  Field;  on 
Western  Avenue,  at  the  west  border  of  Minneapolis,  spreading,  Roberts.  Rare,  bat 
likely  to  become  common ;  in  many  districts  farther  east,  "a  most  troublesome  weed, 
extremely  difilcult  to  eradicate." 

ONOPORDON,  Vaill.       Cotton  Thistle.    Scotch  Thistle. 

0.  aeanthium,  L         Cotton  Thistle.     Scotch  Thistle. 

,  Lake  City,  Jfrs.  iiay.      Rare. 

ARCTIUM,  L.  (Lappa,  Tourn.)       Bukdock. 

A.  Lappa,  L.  (L.offleinaliSt  Allioni,  var.  major,  Gray.)        Common  Burdocks 

Common  through  the  south  half  of  the  state,  and  probably  northeastward;  less  fre- 
quent In  the  Red  river  valley. 


Digitized  by  VjOOQIC 


8TAXB  GEOLOGIST.  89 

CICHOBIUM,  Tourn.       Succory.    Chicoht. 

C.  Iniyhus,  L.       Succory.    Chicory, 

Minneapolis,  HerricJc;  near  Excelsior,  Hennepin  county,  Mrs.  Terry,      Rare . 

KBIGIAy  Schreber.  (Inclndinfir  Cywthia,  Don.)       Kbigia. 

K.  Yirgrinica^  Willd.       Dwarf  Dandelion. 
Upper  Mississippi  river,  Garrison.      Rare. 

K«  aiiiplexicaulis,  Nutt.  (Cynthia  Virgrioica,  Don.)       Cynthia. 

Common,  or  frequent,  through  the  south  half  of  the  state  ;  extending  north  at  least 
to  Morrison  county  (common),  Uphamt  and  the  upper  Mississippi  river  Oarrison, 

TROXIMON,  Natt.       Troximon. 

T.  cuspidatum,  Purah.       Trozimon. 

Common,  or  frequent,  through  the  south  and  west  portions  of  the  state ;  extending 
northeast  to  lake  Pepin,  Mies  Manning,  Minneapolis,  Twining,  Roberts,  Stearns  county, 
Camphell,  and  Pembina,  Chtckering. 

T.  glaucum,  Nott.*       Tioximon. 

Red  river  prairie,  Dawson,  Havard;  near  Glyndon,  LHberg,  Oedge;  Kittson,  Ste- 
vens and  Lincoln  counties.  Upham.  West.  [T.  aurantlaoum.  Hook.,  has  been 
reported,  but  probably  erroneously,  at  Pembina.] 

I 

TRAGOPOGON,  L.       Goat's-Beard.       Vegetable  Oyster. 

T,  pratenaia,  L.f        Yellow  GoaCn-Beard, 

Naturalized  In  meadow  of  Spring  creek  near  Red  Wing,  SanAberg. 

HIERACIUM,  Tourn.       Hawkweed. 

H.  umbellatiim,  h,X       Hawkwoed. 

North  shore  of  lake  Superior  to  the  Rocky  mountains  and  northward,  Gray's  Syn- 
optical  Flora qf  N,A.;  probably  in  northern  Minnesota. 

*  Tboximon  olaucum ,  Nutt.  Usually  a  foot  or  two  high,  rather  stout,  pale  or 
glaucous,  either  glabrous  or  with  loose  pubescence  :  leaves  linear  to  lanceolate,  from 
entire  to  sparingly  dentate  or  sometimes  laclniate,  4  to  12  inches  long :  lnvoliicr«  com- 
monly an  Inch  high  and  many-flowered;  its  bracts  lanceolate  or  broader:  outer  series 
shorter,  often  pubescent,  or  even  villous :  akenes  with  apex  tapering  gradually  into  a 
rather  stout  and  nerved  beak  which  is  shorter  than  the  body ;  akenes  with  the  beak  6 
or  6  lines  long,  longer  than  the  pappus,  the  copious  and  rather  rigid  bristles  of  which 
are  (as  in  most  species)  only  denticulate-scabrous.     Oray^s  SynopUeal  Flora  of  N,  A, 

tXBAOOPOGON,  L.  Involucre  slqiple,  of  many  leaves ;  receptacle  naked ;  pappus 
plumous,  achenla  longitudinally  striate,  contracted  Into  a  long,  filiform  beak.  Biennial 
European  herbs,  with  long,  linear,  grass-like  leaves.    Wood*8  Claw-Boole. 

T.  prateneis,  L.  Leaves  linear,  those  of  the  stem  dilated  at  the  base  and  abruptly 
acuminated  into  a  slender  point  towards  the  apex,  glabrous.  Peduncles  scarcely  thick- 
ened beneath  the  anthodes  [heads].  Florets  yellow.  Aeheneswlth  the  beak  about 
as  loug  as  the  achene,  ribbed ;  those  of  the  outer  florets  usually  muricated  on  the  ribs. 
Yappos  of  all  the  florets  of  plumose  hairs.    Sowerhy'B  English  Botany,  vol.  v. 

tHiEBACiDM  UMBELLATUM,  L.  Stem  a  foot  or  two  high,  strict,  leafy  to  the  top, 
bearing  a  few  somewhat  umbellately  disposed  heads :  leaves  narrowly  or  sometimes 
broadly  lanceolate,  nearly  entire,  sparsely  denticulate,  occasionally  laclniate-dentate, 
all  narrow  at  base  ;  the  caullne  leaves  all  closely  sessile  :  Involucre  half  inch  high,  or 
sometimes  smaller,  usually  livid,  glabrous  or  nearly  so :  outermost  bracts  loose  or 
spreading.    Qray'a  Synoptical  Flora  of  N,  A, 
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H.  Ganadense,  Michx.       Canada  Hawkweed. 

Common,  or  frequent,  throogboat  the  state;  abundant  north  of  lake  Superior, 
Roberta. 

H.  scabrum,  Michz.       Rough  Hawkweed. 

St.  Croix  rlTer,  Parry;  Saint  Clead,  Oompbett;  Beaver  Bay,  Aoberto;  Pembina, 
Chkhtrino.  (A  hawkweed  agreeinic  with  Qray's  descrlptton  of  this  species  In  bearlac 
40-  to  60-flowered  heads,  but  In  other  eharaoters  like  H.  panlculatum,  grows  In  the  Bed 
rlTor  Talley  on  moist  prairie,  Upham.) 

H«  lODgipilam,  Torr.       Long-bearded  Hawkweed. 

St.  Crolz  rlTer,  Parry;  Blue  Barth  county,  Lefbery.      Bare,      South. 

H«  venosmnj  L.       Rattlesnake- weed. 
Bed  rlTer  prairie,  Doioson,  8coU.      Infrequent. 

PRENAKTHES,  VaiU.      (Indadinff  Nabalub,  Cass.)        Rattlb- 

8HAKB-B00T. 

P«  alba,  L.       White  Lettuce.    Rattlesnake-root. 
Common  throughout  the  state. 

P.  serpentaria,  Pursh.*    (N.  albus,  Hook.,  var.  serpentaria,  Gray.)       Rai- 
tlesnake-root. 
Hennepin  county,  HerrieH;  Steams  oounty,  CampheXL     [DotU's  lake,  Dakota, 

P.  altJLssima,  L.       Tkll  White  Lettuce. 

Between  lake  Superior  and  the  lake  of  the  Woods,  Maamn, 

P.racemosa,  Michx.       Rattlesnake-ioot. 
Frequent,  or  common,  throughout  the  state. 

P.  aspera,  Michx.       RatUesnake-ioot. 

Frequent  through  the  south  half  of  the  state ;  extending  north  to  Steams  county. 
CampbeU,  and  Douglas  county,  Mr$,  Terry. 

P.  crepldlnea,  Michx.       Rattlesnake-root 

Lake  Benton,  Lincoln  county,  Upham,      Infrequent.      South. 

LTGODESMIA,  Don.       Ltgodbbkia. 

L*  jiincea,  Don.       Lygodesmia. 

Common  sonthwestward,  on  sandy  land ;  extending  north  and  east  to  Muskoda* 
Clay  county,  and  Sand  Hill  river,  Upham,  Pembina,  HawurA,  Meeker  county,  Caiii|>bell» 
Minneapolis,  BoberU,  St.  Croix  rlTcr,  Swesey,  and  Blue  Barth  county,  L^ibtrg, 

[Crepls  runclnata,  Torr.  &6rar,  whose  eastern  limit  extends  from  the  Saskatchewan 
region  to  Nebraska  and  Iowa  (Arthur),  and  the  nearly  related  0.  glanca,  Torr.  ft  Qray« 
of  similar  range,  seem  likely  to  be  found  In  western  Minnesota.] 

•  PBxarAirTHiH  ssbfbktabia,  Pursh.  Commonly  3  feet  high,  glabrous  or  a  little 
hirsute-pubescent:  stem  sometimes  purple-spotted,  rather  stout :  leaves  diversely 
variable,  assuming  all  the  forms  of  the  preceding  species :  Inflorescence  corymbcsely 
thyrsold-panicnlate ;  the  heads  mostly  glomerate  at  summit  of  ascending  or  spreading 
flowering -branches  or  peduncles:  Involucre  green,  rarely  purpllsh-tlnged,  8-  to  13- 
flowered ;  flowers  purplish,  greenish  white  or  oehroleueous :  pappus  sordid  straw- 
color  or  whitish.  .  . .  Open  grounds,  commonly  In  sandy  or  sterile  soil.  Oray*$  Synop» 
tkal  Floraqf  N,A, 
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TARAXACUM,  Haller.       DAjmnjOK 

T.  ^nBktttmmHe^  W«ber.   (T.  Dens-leonifl,  Desf.)       Common  Dandelion. 

Oommon,  often  abundant,  throughont  most  of  the  state ;  bat  leu  freqient  near  Its 
west  side.  It  seems  to  be  quite  absent  from  some  districts  westward,  as  Cottonwood 
eonnty.  Hobrtnger;  and  oeenrs  rarely  In  the  Bed  riTor  raUey  near  Saint  YlDoent,  Daw-^ 
9on,Httivard, 

LACTUCA,  Tonm.  (Indadmg  MuIjOBDium,  Caaa.)       Lsttuob. 

Jj.  GanadensiSy  L.       Wild  Lettuce. 
Freqaeot  throughout  the  state. 

L*  hirsata,  MohL  (L.  Canadenais,  L.,  yar.  sanguineai  Torr,  &  Gray.)       Wild 
Lettuce. 

Minneapolis,  Bol)ert$,  Upham;  frequent  In  Martin  oounty  and  In  Emmet  county* 
Iowa,  CraUv.      South. 

li.  palchella,  DC.  (Molgedium  pulchellam,  Nutt.)       False  or  Blue  Lettuce. 
Bed  river  ralley  at  Pembina,  Savard,  and  near  Moorhead,  LeQ)eTQ;  lake  Carlos* 
Douglas  county,  Mru,  Terry;  Minneapolis,  A.  W,  Jone$;  Lake  Benton  and  Polk  county^ 
Upham,      North  and  west. 

L.  Floridana,  Gmcta.  (M.  Floridannm,  DC.)        Falae  or  Blue  Lettuce. 
Lapham.      Winona  county,  Hoteinaer;  Minneapolis,  ^.  IT.  Jones.      South. 

L*  leiicoplisea»  Gray.  (M.  leuoopheram,  DC.)       Falae  or  Blue  Lettuce. 

North  of  lake  Superior,  BoherU;  lake  of  the  Woods,  Patoson;  Pembina,  Havaird; 
Blue  Earth  oounty,  X^eibera. 

SONCHUS,  Toum.       Sow-Thisile. 

8.  oleraceust  L.        Comnum  Sow-ThMe. 

Saint  Paul,  feOey;  Minneapolis,  Miss  Butler;  NlcoUet  county,  ^tton;  NewUlm^ 
JunL      Infrequent. 

8.  aaper,  Vill.       Spiny-Uaved  SowThUtle. 

More  frequent  than  the  preceding :  obserred  at  Grand  Marals  and  Beaver  Bay,  on 
the  north  shore  of  lake  Superior ;  at  Minneapolis ;  and  In  Qoodhue,  Winona,  Blee  and 
Blue  Earth  counties. 

8.  arventiB,  L.       Field  Saw-Thidk. 
Anoka  county,  Jtmi,      Infrequent. 

LOBELIACEiE.       Lobelia  Family. 

liOBELIA,  L.       Lobelia. 

L.  cardlnalis,  L.       Cardinal  Flower. 

Along  the  Mississippi  river  at  Wabasha,  GOmoa,  lake  Pepin,  Jf  Iss  Manning,  and 
Saint  Paul,  Mr»,  Terry;  and  the  St.  Croix  river  at  Marine  Mills,  Washington  oounty* 
Mi88  Cafheart,  and  at  St.  Crolz  Falls,  Miss  FiOd, 

L.  syphilitica,  L.       Great  Lobelia. 

Oommon,  or  frequent,  through  the  south  half  of  the  state ;  extending  north  to  the 
upper  Bflsslsslppl  river,  Oarrlafm,  and  the  Bed  river  valley,  dedge, 

li*  inflata,  L.       Indian  Tobacco. 

Lake  St,  Croix,  Parry;  St.  Croix  Falls,  Miss  Fisld;  Blue  Barth  county,  Leibsrg^ 
Infrequent. 
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li.  spicata.  Lam.       Lobelia. 

Common  tbroogb  tbe  south  half  of  the  state  and  in  the  Bed  river  valley ;  extend- 
ing northeast  to  the  upper  Mississippi,  Houghton. 

L.  Kalmiiy  L.       Ealm's  Lobelia. 

Common  through  the  north  half  of  the  state  and  south  to  Minneapolis,  Roberts, 
Upham;  rare  southward,  as  in  peat  bogs  in  the  Minnesota  valley  between  Kasota  and 
Mankato,  Leiberg, 

Li.  Dortmanna,  L.       Water  Lobelia. 

Isle  Boyale,  Dr.  A.  B.  Lyoru;  doubtless  in  Minnesota  north  of  lafce  Superior. 

CAMPANULACE^.        Campanula  Family. 

CAMPANXJIiA,  Toum.       Bellflowkr. 

€.  rotundifDlia,  L.       Harebell.    Bluebell. 

Common  thioughout  the  state.  A  very  pretty  flower,  plentiful  in  all  our  prairie  re- 
gion and  along  the  shore  of  lake  Superior ;  in  the  latter  situation  varying  through 
Intermediate  forms  to  the  var.  linifolia  of  Gray's  Manual,  Boherts. 

€.  aparinoides,  Parsh.       Marsh  Bellflower. 

Common  throughout  the  state.  (In  the  vicinity  of  Mankato,  a  bellflower  is  reported 
by  Leiberg  as  common  in  bogs,  agreeing  well  with  the  description  of  this  species,  except 
in  the  large  size  of  the  flowers,  which  have  the  corolla  ^  to  ^  of  an  inch  long,  five 
times  as  long  as  the  small  calyx- lobes.  The  ordinary  smaller-flowered  form  of  this 
species  has  not  been  observed  there.  Tbe  large-flowered  form  has  also  been  collected 
at  Minneapolis ) 

C.  Americana,  L.       Tall  Bellflower. 

Frequent  through  the  south  part  of  the  state;  extending  north  to  Douglas  county, 
Mrs,  Terry. 

SP£CUIiABIA,  Heister.        Vbhus's  Lookino-Glass. 

S*  perfollata,  A.  DC.       Venus's  Looking-Glass. 

Lap?i«m.      Minneapolis,  JSCossube;  near  Saint  Paul,  Mrs.  Terry.      Infrequent. 
South. 

ERICACEiE.        Heath  Family. 

GAYIiXJSSACIA,  HBK.       Hucklebbbbt.    Whobtlbbbbrt. 

O.  reainosa,  Torr.  &  Gray.       Common  Black  Hucklebeny. 

Frequent,  often  common,  northeastward ;  extending  west  to  Cass  lake,  Schoolcraft, 
and  south  to  the  falls  of  Kettle  river,  in  section  16,  T.  42,  B.  20,  Upham, 

VACCINlXJMy  L.       Granbsrbt.    Bluebbbbt.    Bilberby. 

V.  OxycoccaSy  L.        Small  Cranberry. 

Common  northward ;  extending  west  to  the  upper  Mississippi  river,  OarrUon, 
Becker  county,  Qedge,  and  Fergus  Falls.  Leonard;  and  south  to  Auoka  county  (plenti- 
ful), Roberts,  aud  White  Bear  lake,  Bamsey  county,  Kelley. 

V.  macrocarpon.  Ait.       Large  American  Cranberry. 

C/ommon  through  the  north  half  of  the  state,  excepting  the  Bed  river  valley  and 
near  tbe  shore  of  lake  Superior ;  extending  south  to  Fergus  Falls,  Leonard,  and  Min- 
neapolis, Roberts.   Much  gathered  for  the  market,  especially  by  the  Chippa wa  Indians. 
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V.  Vitis-Idcea,  L.       Cowberry. 

North  shore  of  lake  Superior  (swamps  at  Port  Arthur),  Macoun;  doubtless  in  Mlu- 
nesota. 

V.  stamineuniy  L.        Deerberry.    Squaw  Huckleberry. 
Near  Saint  Paul,  Mrs,  Terry,      Rare. 

V.  uligrinosum,  L.       Bog  Bilberry. . 
North  of  lake  Superior,  Juni.      North. 

V.  caespitosum,  Michz.,  var.  cuneifolium,  Nutt.       Bilberry. 
Margins  of  a  lake  near  Stillwater,  Parry,      Rare.      North. 

[Y.  OTallfolium.  Smith,  and  V.  myrtlUoldes,  Hook.,  will  doubtless  be  found  in  Minne- 
sota north  of  lake  Superior.] 

V.  Pennsy  lyanlcum,  Lam.       Dwarf  or  Low  Blaeberry. 

Common  in  the  north  half  of  the  state ;  extending  south  to  Minneapolis,  RoberUt 
and  lake  Pepin,  MU8  Matmino,  the  Mississippi  river  being  its  southwestern  limit  from 
Minneapolis  to  Morrison  county,  Upham. 

T.  Canadense,  Kahu.       Canada  Blueberry. 

Falls  of  the  St.  Croix  rlTor,  Parry;  Stearns  county,  Garrison;  and  northward. 

\.  corymbosum,  L.       Swamp  or  High  Blueberry. 

Lapham,  Ramsey  county  (var.  amoenum,  Gray),  WineheU;  White  Earth  reset  va- 
tion,  OarriaoTi,      Rare. 

CHIOG£KES,  Salisb.       Cbebpi^^g  Snowbbrrt. 

€•  Uspidula,  Torr.  &  Gray.       Creeping  Snowbeny. 

Frequent  northeastward ;  extending  south  to  Anoka  couoty  (plentiful  in  tamarack 
swamps).  Roberts;  Hennepin  county,  Simmom, 

ARCTOSTAPHlTIiOS,  Adans.       Bbabbbhbt. 

^  A*  Uva-iirsi,  Spreng.       Bearberry.    £innikinnick. 

Common,  often  abundant,  on  sandy  land  through  the  north  half  of  the  state ;  ex- 
tending south  to  Isantt  and  Sherburne  counties  (common),  Upham;  rare  and  local  far- 
ther south,  as  in  Qoodhue  county,  8andberg,'tX  lake  Pepin,  Miss  Mannilno,  and  on 
sandy  knolls  in  section  12,  Saratoga,  Winona  county,  WineheU, 

£PIGjSiA,  L.     Mayflower.  Trailikq  Abbutub.  Gbound  Laubbl. 

£•  repenSy  L.       Mayflower.    Trailing  Arbutus.    Ground  Laurel. 

Minnesota  Point  and  elsewhere  near  Duluth,  Juni,  Miss  Cathcart;  falls  of  Kettle 
rirer,  Upham.      Infrequent.      Northeast 

G-AULiTEtERIA,  Kalm.       Abomatic  Winteborben. 

O.  procumbeus,  L.       Aromatic  Wmtergreen.    Checkerberry. 

(Common  northeastward ;  extending  west  and  south  to  Rainy  Lake  river,  Keating, 
the  lake  of  the  Woods,  Dawson,  Wadena  county.  Upham,  and  Anoka  county,  Roberts, 
rare  farther  southeast,  as  at  lake  Pepin,  Miss  Manning,  and  Mound  Prairie,  Houston 
county,  WinehelL 

CASSANDRA,  Don.       Leatheb-Lbaf. 

C.  calyculata,  Don.       Leather-Leaf. 

North  of  lake  Superior  (common),  Roberts;  lake  of  the  Woods,  Dawson;  St.  Crofx 
river.  Parry;  extending  south  to  Wadena  (frequent)  and  Chisago  counties,  Upham, 
Minneapolis,  Kas9ube,  and  Stillwater,  Miss  Field, 
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CASSIOPE,  Don.       Cabszopb. 

€•  hypnoides,  Don.       Gassiope. 

Minnesota  Potait.  lake  Superior,  Miss  Catheart.      Bare.      Nortn. 

AKI>BOMEDA,  L.       Androkbda. 

A.  polifolia,  L.       Wild  Rosemary. 

Plentiful  near  Grand  Marals,  and  in  swampi  near  lake  Johanna,  Bamsey  eonnty, 
Roberts;  Minnesota  Point,  Miss  Catheart;  lake  of  tbe  Woods,  and  thence  toward  Bed 
riTor,  Dawson;  St.  Oroix  riTor,  Parry;  Chisago  county,  etc,  UplMm;  near  Minneapo- 
lis, Kassube,      North. 

KALMIA,  L.       Ahbbicah  Laubbl. 

J3L  irlauca.  Ait.       Pale  Laarel. 

Certainly  to  be  found  in  northern  Minnesota,  Macoun. 

MENZUBSIA,  Smith.        Mbivzibsza. 

M.  srlabella.  Gray.*       Menzieaia. 

Minnesota  Point,  lake  Superior,  Miss  Catheart,    (The  Botany  of  CaUfomia  state* 
that  this  roalled  M.  ferruginea]  extends  east  **nearlyto  the  upper  Great  lakes.") 
Bare.      Northwest. 

LEDUM,  L.       Labrador  Tka. 

Li.  latlfolium.  Ait.       Labrador  Tea. 

Common,  often  abundant,  through  the  north  half  of  the  state ;  extending  south  to 
8herbumeandAnokaoounties(oommon),  Robsrte,  and  near  Saint  Paul,  Mrs.  Tsrry, 
Used  as  tea  by  the  Chippewa  Indians. 

PYBOLiA^Toum.       WiwTRBftBicRiff.    Shin*lbaf.    Ptrola. 

P.  rotundifolia,  L.        Winter^reen.    Shin^leaf. 

Common  through  the  north  half  of  the  state ;  extending  sooth  to  Miaaeapolls 
(common),  Roberts,  and  rare  farther  south,  as  at  Cannon  Blrer  Fails,  BkOte,  Sandierg, 
and  ChatAeld,  Fillmoio  county,  WineheU. 

P.  rotondlfolia,  L.*  ▼»•  incamata,  DO.       Wlotergreen. 
Detroit,  Becker  county,  Oedge.      North. 

P.  rotundifolia,  L^  yar.  asarifolia,  Enck.       Wintergreen. 

St  Croix  Falls,  Miss  Field;  Saint  Cloud.  Gorrisoa.     [Lake  Superior,  WhitneyJ] 
North. 

P.  rotondifolia,  L.,  yar.  uliginosa.  Gray.       Wintersreen. 

Minneapolis  (frequent),  Roberts,  WineheU;  Morrison  county  (on  dryish  land  in 
woodsX  Upham. 

P.  elliptica,  NutL       Wintergreen.    Shin-leaf. 
Common,  or  frequent,  throughout  the  state. 

*  MBNznscA  OLABKLLA,  Gray.  Strlgose^shaffy  scales  wanting,  or  very  few  on 
young  petioles  and  midrib  beneath ;  leaTCS  oborate,  mostly  obtuse,  barely  mucronate- 
tipped,  glauoescent  and  glabrous  or  nearly  so  beneath  (an  inch  or  two  long),  sprinkled 
with  some  small  appressed  hairs  above,  the  obscurely  serrulate  maigins  minutely  clHo- 
late :  pedicels  naked  or  somewhat  glandular :  oorolla  oyoid-campanulate.  Gray's 
JSynopUcal  Flora  of  N.  A, 
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P.  chlorantha,  Swartz.       Wintergreen.    Shin-leaf. 

Common,  or  freqaent,  through  tho  north  half  of  the  state;  extending  soath  to  Isanti 
eonnty,  Uplunn, 

P.  seeuncla,  L.       Wintnrgreeu.    Shin-leaf. 

Common  northward ;  extending  south  to  the  St.  Croix  rlrer.  Parry,  Goodhue  oounty, 
Sandberg,  lake  Pepin,  Mi88  Mawn/tng,  Blue  Earth  eounty,  Leiberv,  and  Bedwood  Falls, 
Femherton, 

P.  secimda,  L.,  yar.  pamila,  Paine.       Wintergreen.    Shin-leaf. 

North  of  lake  Superior,  JwU;  In  tamaraek  swamps  near  Minneapolis,  RoherU^ 
Bare.      North. 

P.  Hiinor,  L.       Wintergreen.    Shin-leaf. 

North  of  lake  Superior  (in  woods  at  Kakabeka  falls),  Macoun;  doubtless  in  north- 
ern Minnesota. 

MONESES,  Salisb.       Monksbs.    On>-fu>wbubo  Ptbola. 

M.  iinlflora,  Gray.       One-flowared  Pyrola. 

North  of  lake  Superior  (frequent),  •Tunl,  Roberto;  Beeker  eounty,  Oed(^;  Steams 
eonnty,  CamplkU.      North. 

CEUDIIAPHILA,  Poxth.       Pip8I88kwa.    Wihtbrobbbn. 

C.  mnbellata,  Nntt.       Prince's  Pine.    Pipeissowa.    Wintergreen. 

Itequent  northward ;  extending  south  to  Wadena  eounty,  Upham,  Saint  Cloud, 
CompbeR.  and  Anoka  eounty  (at  Deer  lake).  Roberta;  near  Minneapolis,  ff .  H.  Hatch; 
rare  and  loeal  farther  southeast,  as  in  Goodhue  eounty,  Sandberg,  at  lake  Pepin,  Iftos 
Matmino,  and  Hesper,  Iowa,  Mrs.  Carter. 

C*  maciilata,  Porsh.       Spotted  Winiergieen. 

Clearwater,  Wright  eounty,  Mrs.  Terry;  Saint  Paul,  Mtos  Catheart.       Bare. 

[Pterospora  andromedea,  Nutt,  will  probably  be  found  In  northern  Minnesota.] 

MONOTROPA,L.        Indian  PiPB.    Pinb-sap. 

M*  iiniflora,  L.       Indian  Pipe.    Corpee-Plant. 

Tluroughout  the  state :  eomraon,  oeeaslonally  abundant,  northward ;  infrequent 
•r  rare  southward. 

M*  Hypopitys,  L.       Pine-aap.    False  Beech-drops. 

Caribou  Point  and  Carlton's  Peak,  north  of  lake  Superior,  also  at  Taylor's  Falls, 
Bobtrta,      Bare.      North. 

ILTCINEiE.     (Aquifouaoe^.)        Holly  Family. 

IJLEX,  L.       HoLLT. 

!•  vertlelllata,  Gray.       BUick  Alder.    Winterbeny. 

St  Croix  rlTor,  Parry;  lake  Pepin,  MisBManrOng;  Saint  Paul,  Kelley;  Minneapo* 
Us,  WimluU;  Steams  eounty,  Upham;  St.  Ix>ul8  river,  Mra.HerrieK      North. 

NEMOPANTHES,  Raf.       Mountain  Hoixt. 

K.  Canadensis,  DC       Mountain  Holly. 

Ltn>ham>      St.  Croix  riyer.  Parry;  lake  Pepin,  Miss  Manning*       Infrequent. 
North.. 
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PLANTAGINACEiE.       Plantain  Family. 

PliANTAGO,  Toum.       Plastaih.    Ribwobt. 

P.  major,  L.       Gommon  Plantain.    Wayside  Plantain. 

OommoD,  often  abundant,  throughout  the  state.  Eyidently  Indigenous  in  Bock 
county,  lAXbWQs  and  in  the  Bed  rlYer  yalley  (where  a  form  occurs,  very  probably  tbe 
var.  Asiatica,  Decaisne,  coarser  than  ordinary,  with  scape  and  spike  from  IH  to  2  feet 
high,  the  spike  being  6  to  12  inches  long),  CTpTiani.    [Sheyenne  river,  Dakota,  Q<\itT.\ 

P«  Rugelil,  Decaisne.*    (P.  Kamtschatica,  Hook.)       Plantain. 

Bine  Earth  county  (common),  LeQ^erg;  Martin  county,  OraUy.  Perhaps  frequent 
throughout  the  state,  but  oTcrlooked  on  account  of  its  resemblance  to  the  preceding. 
(Indigenous ;  found  only  in  America.) 

[P.  cordata.  Lam.,  should  be  looked  for  in  the  east  part  of  the  state ;  and  P.  lanceo- 
lata,  L.,  may  be  expected  as  a  weed  southeastward.] 

P.  erlopoda,  Torr.f        Plantain. 

Bed  rlTcr  Talley,  Watton,  ScoU.      Northwest, 

P.  Patagonica,  Jacq.,  var.  gnaphalioides,  Gray.       Plantain. 

upper  Minnesota  riyer.  Parry;  New  Ulm,  Jtmi;  Nicollet  county,  AUon;  Blue  Earth 
county,  Leibera;  common  in  Watab,  Benton  county,  and  frequent,  often  cemmon,  thence 
south  westward,  Upham;  plentiful  at  the  Pipestone  quarry  (showing  gradations  in  size  to 
small  matted  plants  with  almost  filiform  scapes,  none  of  which  exceed  two  or  three 
inches  in  hight,  bearing  few-flowered  capitate  spikes  H  to  Ji  inch  long),  JIf  rs.  Bennett, 
[DcYlPs  lake,  Dakota,  Qeyer.\      South  and  west. 

PRIMULACEiE.         Peimeose  Family. 

PRIMULA 9  L.       Pbimbobe.    Cowslip. 

P.  farlnosa,  L.       Bird's-eye  Primrose. 

North  shore  of  lake  Superior,  Whitney,  Maeoun;  St.  drofx  lake.  Stillwater,  JTltt 
FieUL      North. 

P.  Mistassiuica,  Michx.   .    Primrose. 

Lapham.      Abundant  on  the  north  shore  of  lake  Superior,  Jvmi,  RoberU,      North. 

ANI>ROSAG!E,  Toum.       Andbo6ACb. 

A.  occidentaliSy  Pursh.       Androeace. 

Blue  Earth  county  (common),  also  a  dwarfed  form,  about  an  Inch  high,  with  solitary 

*PiiA2rTAOO  BwQELXi,  Decalsnc.  Leayes  paler  [than  in  P.  major],  commonly 
thinner :  spikes  long  and  thin,  attenuate  at  the  apex :  sepals  oblong,  all  as  well  as 
the  similar  bract  acutely  carinate :  capsules  erect  in  the  spike,  eyllndraceous-oblonc 
(somewhat  over  2  lines  long,  one-sixteenth  Inch  in  diameterX  about  twice  the  length  of 
the  calyx,  drcumsclsslle  much  below  the  middle:  OYules  6  to  lO;  seeds  i  to  9,  oral -oblong 
(about  a  line  long),  opaque  and  dull  brown,  not  reticulated.  Oray*$  Synoptical  Flora 
ofN.A. 

t  PukZfTAOO  KBIOPODA,  Torr.  Perennial ;  leaTCS  fleshy,  broadly  lanceolate,  4  to 
6  Inches  long,  i  to  2  Inches  wide,  attenuate  at  each  end,  long-petioled,  glabrous,  entire, 
5-nerYed ;  base  of  the  leaves  and  scape  clothed  with  long  dense  brown  wool :  scape 
ifoothigh,  terete,  glabrous  or  pubescent,  with  a  cjlindrical  spike  (3  to  6  inches  long) 
of  rather  remote  perfect  flowers ;  bracts  scarious-marglned,  clliate ;  stamens  and  styles 
Tory  long;  bracts  broadly  ovate,  mostly  obtuse:  capsules  4-  to  6-seeded;  seeds  not 
hollowed. '  WaUon*8  Rep,  in  King'e  Expl.  of  the  Fortieih  Parallel. 
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flowen,  found  noarBouth  Bend,  in  this  county,  Leiberg;  Pipestone  county,  M  rs.  Bennett; 
Sauk  Bapids,  Mrs,  BknteOeU;  WalhaUa,  nortbeastern  Dakota.  Seott,      South  and  west. 

I>OI>EGATHBOy,  L.       AmsbicXn  Cowslip. 

!>•  Meadia,  L.       American  Cowslip.    Shooting  Star.    Pride  of  Ohio. 
Lapham,      Winona,  Hohini/er,  Mrs.  Terry;  Lake  City,  Mite  Manning,      Rare. 
South  and  west. 

TRIENTAIiISy  L.  StAR-FLOWSB.       CHlCKWSSD-WmTBBORBSir. 

T.  AmericaDa,  Pnrsh.        Star-flower.    Chickweed-Wintergreen. 

Common  through  the  north  half  of  the  state,  and  south  to  Minneapolis,  Roh^^, 
and  Saint  Paul,  MUs  CathcarU  less  frequent  farther  southeastward,  as  at  lake  Pepin, 
Jf  Iss  Manning,  Faribault,  Miss  Beane,  and  in  Blue  Barth  county,  Leiberg;  absent  south- 
westward  . 

LiYSIAIAGHIA,  Touni.       Loosbstrifb. 

Li.  thyrsiflora,  L.        Toiled  Loosestrife. 
Frequent  throughout  the  state. 

Ii.  strlcta,  Ait.       Loosestrife. 

Throughout  the  state ;  common  northward,  and  south  to  Minneapolis ;  infrequent 
farther  southward. 

It.  quadrifolla,  L.       Loosestrife. 

Lapham.      Dry,  sandy  ridges,  St.  Croix  river.  Parry;  Lake  City,  Mrs.  Ray. 
Bare.      Bast. 

STEIROXEM  A ,  Raf .       Loosbbtrifb. 

S.cUiatuin,  Raf.  (LysimacLia  ciliata,  L.)       Loosestrife. 
Common,  or  frequent,  throughout  the  state. 

S.  lanceolatuni,  Gray,  var.  hybridum.  Gray.    (L.  lanceolata,  Walt.,  var. 
faybrida,  Gray.)        Loosestrife. 

Common  southward ;  extending  north  to  J^ergus  Falls,  Leonard,  and  the  upper 
Mississippi  river,  Oarrison, 

S.  lougrifolium.  Gray.  (L.  long^ifolia,  Pursh.)       Loosestrife. 

Frequent,  often  common.  In  the  south  half  of  the  state  and  the  Red  river  valley ; 
extending  northeast  to  the  upper  Mississippi  river,  Oarrison. 

GliAUX,  Toam.       SBA-MiiiKWORT. 

G.  marltima,  L.        Sea-Milkwort. 

Red  river  prairie  (damp  places  in  marshes),  Dawson,  [Between  Sheyenne  river  and 
Devil's  lake,  Dakota,  Oeyer.}      Northwest. 

AKAGALiLIS,  Tonm.        Pimpbrnbl. 

A,  arvensiSf  L,       Pimpernel.        **Poor  Man's  WeatJur-glass.'" 
Martin  county,  CMge.      Rare. 

CENTUNCULUS ,  Dill.       Ch apf webd. 

C«  minimus,  L.       Cbaffweed. 

Pipestone  quarry,  Mrs.  Bennett.      Rare.      Southwest. 

rsamolns  Yalerandi,  L.,  var.  Americanus,  Gray,  will  probably  be  found  in  Minne- 
sota.] 

7P 
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LENTIBULACE^,       Bladdbrwort  Famh^y. 

UTBIGUIiABIA,  L.    *  Bladokrwort. 

TJ.  wdgsarlB,  L.       Greater  Bladderwort. 

Freqaent  throiighoiit  the  state.  (It  is  sometimes  nearly  or  qalte  destitute  of  a! r* 
bladders  In  Hennepin  and  Blue  Barth  eoontles.) 

U«  minor,  L.       Smaller  Bladderwort. 
Also  frequent  throughout  the  state. 

XJ«  intermedia  9  Hayne.       Bladderwort. 

Throughout  the  state,  but  infrequent.  TraTerse  des  Sioux,  Minnesota  river.  Parry; 
Blue  Earth  county,  LeSbero;  Minneapolis,  RobwU,  [Bmmet  county,  Iowa  (rare), 
Craitu;  lake  Superior,  IFhttn^y.] 

XJ«  comnta,  Micbx.       Bladderwort. 

Isanti  and  Morrison  oountles,  XJpham\  Minneapolis,  SCmmons. 

PINGUICXJIiA,  Toum.       Butterwort. 

P.  vulgaris,  L.       Butterwort. 

(jommoii  north  of  lake  Superior,  RohwU;  Duluth,  MUs  OalthcarU      North. 

OROBANCHACE^.        Bboom-bapb  Family. 

APHYIiLON,  Mitchell.       Naked  Brook-rape.    Cahgeb-root. 

A*  LadoTicianum ,  Gray.    (PhelipsBa  Ludoyidana,  Don.)        Broom-rape. 
Travene  des  Sioux,  NiooUet  eounty;  "found  in  a  singular  Isolated  locality,  rooting 
on  an  Indian  grave.'*  Parry.      Rare. 

A«  uniflorum,  Gray.       (;De-flowered  Cancer-root. 

Minneapolis,  JETossube;  Minnehaha  falls.  Roberts;  lake  Pepin,  Miaa  Jf anning.  [Em- 
met county,  Iowa,  Cratty;  lake  Superior,  Whitnty.]      Bare. 

A.  fasciculatam^  Gray.       Naked  Broom-rape.    Canoer-root 

Bare  granite  rocks,  upper  Minnesota  river.  Parry;  Lake  City,  Miss  Manning;  Hes- 
per,  Iowa,  Mrs.  Carter,      Bare. 

SCROPHULARIACE^.        Figwoet  Family. 

Y£BBASCUM,  L.       Muixbin. 

V.  Thapsue,  L.        Common  Mullein, 

Common,  or  frequent,  through  the  east  half  of  the  state ;  infrequent  westward. 

F.  Blaitaria,  L.        Moth  Mullein. 

Lapham.      lAke  Pepin,  Miss  If onnini;.      Bare. 

LINABIA,  Toam.        Toad-Flax. 

L.  Cauadensls,  Dumont.        Wild  Toad-Flax. 

Plentiful  on  the  prairie  about  Sandy  lake,  close  north  of  Minneapolis,  Roberts; 
Alexandria,  Mrs,  Terry;  upper  Mississippi  river,  Oarrieon,      Infrequent. 
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If.  ru/^arw,  MiU.        Toad-Flax.    BuUer^nd-iggs.    BamsUd. 

Becoming  a  frequent  weed,  ocoMionally  abundant :  upper  Mississippi  rlrer ; 
Minneapolis ;  Goodhue,  Wabasba,  Nicollet  and  Blue  Earth  counties. 

SCROPHUIiARIA.Toaro.       Fiowobt. 

8.  nodosa,  L..  var.  Marllandica,  Gray.       Figwort. 

Common  throuRh  the  south  half  of  the  state ;  extending  north  to  the  upper  Missis- 
sippi rlTcr. 

[Golllnsla  panrlflora,  Dougl.,  will  probably  be  found  In  northern  Minnesota.] 

CH£LOKE,  L.       Tubtle-hbad.    Bsak^-uead. 

C  srlftbra,  L.       Turtle-bead.    Snake-head.    Shell-flower.    Balmony. 
OommoD,  or  frequent,  throughout  the  state,  excepting  perhaps  south  westward. 

PENTSTEMON,  Mitchell.       BBABDTONauB.    PBETTSTBicoir. 

P.  pubescens,  Solander.       Beard-tODgae.    Peotstemon. 

Common,  or  frequent,  through  the  southeast  and  central  portions  of  the  state  and 
fa  the  Red  river  valley,  extending  northeast  to  the  upper  Mississippi  river,  and  to  the 
lake  of  the  Woods  (rare),  Daunon;  apparently  wanting  in  Blue  Earth  county  and  west- 
ward, Ldbera;  but  found  in  Pipestone  county,  Mr$,  BetmeU, 

P.  irrancliflorusy  Natt.       Large-fiowered  Pentstemon. 

Common  from  lake  Pepin,  Saint  Paul  and  Minneapolis,  to  the  upper  Mississippi 
river ;  and  thence  frequent  westerly  to  Rock  county,  Ldberg,  Pipestone  county,  Mn, 
Bmmett,  and  the  Bed  river  valley  near  Qlyndon,  Oedge, 

P*  acamf natus,  Dougl.*       Beard-tongae,    Pent^temoa. 

Bed  river,  Watwn  in  Bot,  lUp,  of  King's  Exfpl,  of  the  Fortitth  ParaUek       West 

MIMUIiUS  ,  L .  MOHKBT-FIiOWBB. 

M«  riugens,  L.       Monkey-flower. 

Common,  or  frequent,  throughout  the  state.  (In  Blue  Earth  and  Martin  counties 
asaaliy  having  the  angles  of  the  stem  very  decidedly  winged,  Qtdoe;  so,  too,  at  White 
Bear,  Bamsey  county,  Misa  Field.) 

M.  Jamesiiy  Terr*  &  Oray.        Monkey-flower. 

Throughout  the  state.  Minneapolis  (plentiful).  Fort  Snelling,  Stillwater,  and  lake 
Pepin:  Saint  Cloud,  and  the  upper  Mississippi  river;  Beaver  creek,  Bock  county,  IieCbera. 

GRATIOLA,  L.       Hbi>oe-Hy680p. 

G*  Tirgriiiiana,  L.       Hedge-Hyssop. 

Frequent,  occasionally  common,  throughout  the  state.  The  meet  northern  localities 

*  PxBTSTKMOK  AcuMiKATUS,  Doogl.  Glaucous,  6  to  20  Inohes  high,  generally  stout 
and  rigid,  leafy  :  leaves  coriaceous,  somewhat  cartilaginous-margined ;  radical  and 
lowest  caullne  obovate  or  oblong ;  upper  caullne  from  lanceolate  to  broadly  ovate,  or 
the  upper  cordate-clasping,  these  mostly  acute  or  acuminate  :  thyrsus  strict.  Inter- 
rapCed,  leafy  below,  naked  above ;  the  clusters  several-flowered,  and  peduncles  and 
pedicels  mostly  very  short :  sepals  ovate  and  aente  or  lanceolate  :  corolla  lilac  or 
ehanging  to  violet ;  the  limb  half  or  two-thirds  inch  In  diameter :  sterile  filament 
■ostly  bearded  at  the  dilated  tip :  capsule  flrm-coriaceous  and  acuminate.  Oraiy*9 
am^apUeal  Flora  of  N.  A. 
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reported  are  tbe  Ht.  Louis  river,  Mn.  Herrielc,  aD<l  the  Bed  river  (in  an  open  swamp), 
Dawson,  who  mentions  also;  a  variety  of  this  speeies  near  Saint  Vincent. 

[A  form  whioh  seems  to  be  a  distinct  variety,  or  perhaps  a  species  hitherto  ucde- 
scribed,  differing  much  from  the  ordinary  type  of  G.Virglniana,  is  reported  by  Mr,  Lei- 
berg,  with  the  following  description  :  "  Sterile  filaments  oonspiouously  tipped  with  a 
head ;  plant  rather  robust,  8  to  12  inches  high,  very  smooth  when  dried,  but  in  the 
growing  state  covered  with  a  clammy  exudation  ;  lower  leaves  lanceolate,  entire,  short 
<half  an  inch  long) ;  upper  leaves  somewhat  clasping,  conspicuously  8-  to  6-nerved,  ovate 
or  broadly  lanceolate,  acute,  mostly  sharply  toothed,  from  an  inch  to  one  and  a  half 
inches  long ;  pedicels  mostly  longer  than  the  leaves ;  bractlets  under  the  calyx  two, 
lanceolate,  entire  or  slightly  toothed,  5  to  6  lines  long,  I  to  m  lines  wide,  twice  as  long 
and  about  three  times  as  wide  as  the  sepals ;  corolla  yellowish  white,  a  half  inch  in 
length.— Abundant  in  peaty  bogs,  Nicollet  oounty.  June."] 

ILYSANTEBS,  Raf.        Falsb  Pikpkbnkl. 

I.  gratiolefdes,  Benth.       False  Pimpernel. 

Fort  Snelling,  Boherta;  Blue  Earth  oounty  (common),  Ltihero'  Emmet  county,  Iowa 
(rare),  CraJUy,      South. 

STNTHYBIS,  Benth.       Stnthtris. 

S.  Houghtoniana,  Benth.       Synthyris. 

Stillwater,  Parry;  Cannon  Biver  Palls,  Bkito,  aa/ndherQ\  near  Balnt  Paul.  RobcrU\ 
Chisago  and  Morrison  counties  On  the  latter  common  north  of  Little  Falls),  Vpham. 

VERONICA,  L.        Speedwell. 

V.  Virgrinlca,  L.       Culver's  Physic, 

Common  through  the  south  half  of  the  state  and  In  the  Bed  river  valley ;  extending 
northeast  to  the  upper  Mississippi  river. 

Y.  AnaflralliB,  L.       Water  Speedwell. 

Frequent  through  the  south  half  of  the  state  and  in  the  Bed  river  valley. 

Y.  Americana,  Schwein.       American  Brooklime. 
Frequent  throughout  the  state. 

Y.  scutellata,  L.       Marsh  Speedwell. 

Throughout  the  state,  but  infrequent.  Bogs,  upper  Mississippi  river.  Parry;  St. 
Louis  river,  Mrs.  HerricH;  Minneapolis,  Jvni,  Kassube.   [Devil's  lake,  Dakota,  Qtyer.} 

[V.  serpyllifolia,  L.,  doubtless  occurs  in  this  state,  but  has  been  overiooked.] 

Y.  peregiina,  L.       Neckweed.    Purslane  Speedwell. 
Frequent,  or  common,  throughout  the  state. 

r.  arcensiSf  L.        Com  Speedwell. 

Duluth,  Juni;  Hesper,  Iowa,  Mrs.  CarUr.      lofrequeut. 

BUGILN£RA,  L.       Blub-Hbabtp. 

B.  Americana,  L.       Blue -Hearts. 
Wabasha,  aibeon.      Bare.      Southeast. 

GBBARDIA,  L.        Gebabdia. 

G«  purpurea,  L.       Purple  Gerardia. 

Common  through  the  south  half  of  the  state  ;  less  frequent  northward,  an  at  the 
lake  of  the  Woods,  Datrton,  and  in  the  Bed  river  valley,  ScoUt  Havard, 
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G.  purpurea,  L.,  var.  paupercula.  Gray.*       Purple  Gerardia. 

Lower  Canada  to  Saskatchewan,  and  southward  from  ooast  of  New  England  to 
Penn.,  N.  Illinois  and  Wisconsin,  Oray^s  Synoptical  Flora  of  N.  A.;  apparently  the 
prerailing  form  of  this  species  in  Minnesota. 

O .  aspera ,  DoaRl.       Parple  Gerardia. 

Common  through  the  west  half  of  the  state,  abundant  in  the  Bed  rirer  ralley ;  ex- 
tending east  to  lake  Pepin,  Mi88  Manning. 

O.  tenuifolia,  Vahl.       Slender  Gerardia. 

Common,  or  frequent,  through  the  south  half  of  the  state ;  also  found  in  the  Bed 
rirer  valley,  Scott,  and  at  DeTll's  lake,  Dakota,  Geyer;  extending  northeast  to  the  up- 
per Mississippi  riTor,  Qarrimm, 

O.  tenuifolia,  Vahl.,  var.  asperula,  Grdy.f       Slender  Gerardia. 
Collected  by  T.  J.  Hale,  near  the  St.  Croix  ri?er,  and  in  Fillmore  county. 

O.  Skinneriana,  Wood.    (G.  setacea,  Gray's  Manual.)       Gerardia. 
iMpham.       Upper  Mississippi  river,  Oarrtoon.       Bare.      South. 

Gr.  quercifolia,  Pursh.        Smooth  False  Foxglove. 
Lapham.       Bare.       South. 

O.  grandiflora,  Bentb.       False  Fozfflove. 

NiooUet  county,  Aiton;  Saint  Paul,  Kiss  Calheart.      South . 

O.  pedicularla,  L.       Loasewort  Fox^^love. 

Lapham,  Minneapolis,  Roberta;  White  Bear  lake,  Bamsey  eounty,  Kelley;  lake 
TepiQ,  Mi88  Manning,       Southeast. 

O.  auriculata/ Michz.       Gerardia. 

Blue  Earth  eounty,  Lei1)€rg;  NieoUet  county,  Aiton;  New  Ulm,  Juni;  frequent  in 
Martin  county,  and  in  Emmet  county,  Iowa,  CrcMy,      South. 

CASTIIXEIA,  Matia.       Painted-Cuf. 

C.  coccinea,  Spreng.  Scarlet  Painted-Cup.  Indian  Pink.  ^'Bloody  War- 
nor. 
Common,  often  abundant,  throughout  the  wooded  portion  of  the  state;  less  so  in  the 
prairie  region  ;  rare  from  Blue  Earth  county  westward,  Leiberg,  Nearly  all  yellow,  at 
least  in  some  years,  upon  districts  ten  to  twenty  miles  In  extent,  as  was  observed  in 
Washington  and  Bamsey  eounties ;  elsewhere  scarlet,  with  oeeaslonal  yeUow  speci- 
mens intermixed. 

C.  pallida,    Kanth,  var.  septeutrionalis,  Gray.       Pale  Painted-Gup. 

Lapham.  Fergus  Falls,  Leonard;  Bed  river  valley,  Scott,  [North  of  lake  Superior, 
^ganU.]      Bare.      North. 

C.  sessiliflora,  Pnrab.        Pale  Painted-Cup. 

Frequent  thioughout  the  prairie  portion  of  the  state;  extending  northeast  to  the 
upper  Mississippi  river. 

*Gkbabdia  pubpurxa,*  L.,  var.  paupsbcula,  Gray.  A  span  to  a  foot  high, 
smoother :  stem  more  simple  or  with  stricter  branches :  pedicels  mainly  opposite  : 
flowers  decidedly  smaller :  corolla  usually  only  half  Inch  long,  lighter  rose -purple ; 
eslyx-teeth  deltoid-subulate  from  a  broad  base,  leaving  comparatively  narrower 
sinuses,  sometimes  over  half  the  length  of  the  tube.    Oray*s  Synoptical  Flora  of  N.  A. 

-tOBRABOiA  TSMuiFOLiA,  Vahl.,  vat.  ABFBBUi^,  Gray.  Distinguished  by  Professor 
GrBy,  from  the  typical  G.  tenuifolia,  as  follows:  Leaves  aU  nearly  filiform,  the  upper 
aide  hlsptdolo-scabions  or  aspenUoos  (in  the  manner  of  G.  atpera)  *.  inflorescenoe  more 
paniculate  and  with  the  pedloels  all  ascending :  corolla  small,  the  expanded  limb  only 
half  an  inch  in  diameter.^ Dry  and  bare  hills  and  blaifs,  Missouri  to  Minnesota.  Wis« 
oonslQ  and  Michigan.   Botcmteal  OautU,  vol.  iv,  p.  m :  May,  1879. 


Digitized  by  VjOOQIC 


102  TWELFTH  AKKUAL  RBPOBT. 

ORTHOCABPUS,  Natt       OBTHOCARPUi. 

O.  luteus,  Nutt*       Orthocarpar. 

Lapham.  North  part  of  the  B«d  river  Tslley  (KlttMn  ooanty).  Upham;  Rosea« 
prairie,  Scott;  Pembina,  Haioard.      Northwest. 

EUPHRASIA,  Tooro.       Etbbbioht. 

E.  officinalis,  L.       Eyebrigbt. 

North  ahore  of  lake  Superior ;  "abundant  OTerywhero  about  the  edges  of  mossr 
thlekets.  espeelally  on  the  roeky  'peninsula'  at  Grand  Marals;  In  bloom  the  last  oC 
July  and  during  Anguet ;  small  and  little  branehed  In  exposed  situations,  larger  and 
much  branehed  among  other  Tegetation/'  RoherU.      North. 

RHINANTHUS,  L.       Tbllow  Rattlb. 

R.  Crista-galli,  L.       YeUow  Rattle. 

Lake  Superior,  Oray's  Manual;  doubtless  In  northeastern  Minnesota  (but  probably 
not  In  the  yicinlty  of  Minneapolis,  where  it  has  been  reported^      North. 

PEDICUIiARIS,  Toum.       Lousbwort. 

P.  Canadensis,  L.       Common  Lousewort.    Wood  Betony. 

Common,  in  many  plaoes  abundant,  throughout  the  state,  excepting  perhaps 
northeastward.  Flowers  all  greenish  yellow,  with  no  tinge  of  purple,  upon  extensive 
districts. 

P*  lanceolata,  Michz.       Lousewort 

Frequent  southeastward ;  common  westward  and  in  the  Red  river  valley. 

MEI^MPTRUM,  Toom.       Cow-Whrat. 

M.  Americaniim,  M icfax.       Cow- Wheat. 

Throughout  the  state;  common  or  frequent  northward,  rare  southward.  Pine 
barrens,  St.  Croix  river.  Parry;  Ramsey  county,  Mrs.  Terry;  north  of  lake  Superior 
(common),  Jtmi,  Boberta;  lake  of  the  Woods,  Dawson, 

AC ANTHACEiE.        Acanthus  Family. 

RU£LLIA,L.       RuELUA. 

R.  ciliosa,  Parsh.       Raellia. 

Lake  Pepin,  JffesAfcwmintf.      Bare.      Southeast. 

*OBTHOOAHFU8,  Nutt .  Calyx  tubular-campanulate,  4-oleft,  or  cleft  anteriorly  an4 
posteriorly  and  the  divisions  2-clef  t  or  parted.  Corolla  mostly  with  slender  tube ;  upper 
Up  (galea)  little  longer  and  usually  much  narrower  than  the  inflated  l-  to  S-saccate 
lower  one.  Stamens  4 ;  the  smaller  anther-eeil  sometimes  wanting  —Low  herbs,  almost 
all  annual  (W.  North  American  and  one  Chilian) ;  with  mainly  alternate  entire  or  3-  Co 
6-parted  and  laciniate  leaves ;  the  upper  passing  into  bracts  of  the  dense  spike  and 
not  rarely  colored,  as  also  the  calyx-lobes ;  the  corolla  yellow,  or  white  with  purple  or 
rose-color,  often  much  surpassing  the  calyx.  Seeds  numerous  or  rather  few.  FL  sprlnc 
and  summer.  |2.  Tbus  Obthooarpus,  Benth.  Corolla  with  simply  saccate  lip 
inconspicuously  or  obsoletely  8-toothed,  and  moderately  smaller  ovate- triangular 
galea ;  its  small  tip  or  mucro  usually  somewhat  inflexed  or  uneinate  ;  stigma  small, 
entire;  anthers  atli-celled;  seed-coat  very  loose,  costate-retteulated;  root  annual. 

O.  LUTsua,  Ntttt.  Pubescent  and  hirsute,  sometimes  viscid ;  stem  strict,  a  span  tm 
a  foot  high ;  leaves  from  linear  to  lanceolate,  oecasionaily  8-eleft :  bracts  of  the  dense 
spike  broader  or  with  more  dilated  base,  completely  herbaceous,  mostly  3-cleft,  abo«t 
equalling  the  flowers :  eorolla  golden  yellow,  less  than  half  inch  long,  twice  or  thriee 
the  1  ength  of  the  calyx ;  tip  of  galea  obtuse  and  straight.  Gray*$  Synoptkal  Flora  ofNjL. 
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VERBENACEiE.       Vebvain  Family. 

V£BB£KA,  Toorn.        Vruvaik. 

V.  angustifolia,  Michx.       Narrow-leaved  Vervain. 

steams  eoanty,  Jf  rs.  BUHMteU;  Goodhue  eonnty,  Sandberg;  lake  Pepio,  mu  Man- 
ning,     Bare.      Boatheast. 

V.  hastata,  L.       Blue  Yerraiii. 

Common  tbrooffhoat  the  state,  excepting  farnorthward,  where  It  Is  infrequent  or 
rare,  both  in  the  Bed  river  valley  and  about  lake  Superior ;  toand  at  the  lake  of  the 
Woods,  Daiosoik 

V.  articsefolia,  L.       White  Vervain.    Nettle-leaved  Vervain. 
Freqaeney  and  range  like  the  last. 

V.  stricta.  Vent       Hoary  Vervain. 

Common,  or  freqaent,  on  sandy  land  soathward;  extending  north  to  the  apper  Mis- 
slasippl  river,  HovohUm, 

V.  offleinaliSi  L.        Eufvpean  Vtrvain. 
Minneapolis,  HerricK      Rare. 

V.  bracteosa,  Michx.       Prostrate  Vervain . 

Common  through  the  south  half  of  the  state ;  extending  north  to  the  upper  Missis- 
sippi river,  HoughJUm,  QarrUcn,  (A  probable  hybrid  between  this  species  and  Y.  stricta 
wa.*(  found  at  Minneapolis  in  1882.  It  was  procumbent  and  much  branched,  much  larger 
and .  coarser  than  V.  bracteosa,  covering  a  space  about  three  feet  in  diameter ;  hirsute ; 
leaves  often  3-  to  6-cleft ;  spikes  clustered,  loosely  flowered ;  bracts  inconspicuous, 
shorter  than  the  calyx ;  flowers  small,  blue.   Vpham,) 

LIPPIA,  L.       LippiA. 

li.  lauceolata,  Michx.       Fofp-frait. 

Lake  Pepin,  MiM  MonfiifHj.      Bare.      Southeast. 

PHBYMA,  L.       LopsBBD. 

P.  Lieptostachya,  L.       Lopseed. 

Common,  or  frequent,  through  the  south  half  of  the  state  ;  extending  north  to  Todd 
eoQDty,  Upham,  the  upper  Mississippi  river,  Garrison,  and  Fergus  Falls,  Leonard. 

LABIATE.        Mint  Family. 

TBUGRIUM,  L.       Gebmandbr. 

T*  Oanadense,  L.       American  Germander.    Wood  Sage. 

Frequent,  occasionally  common,  through  the  south  half  of  the  state  and  in  the  Bed 
river  valley  to  Pembina,  Havard, 

ISANTHUS,  Michx. 

!•  caemleus,  Michx.       False  Pennyroyal. 

Lake  City,  Mrs.  Rofy;  Blue  Earth  county,  Lefbery*  Minneapolis,  WineheU,  RoherU, 
»outh. 


M£NTHA,  Toam.       Mikt. 

cutaneous,  escaping  fron 
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3f  •  viridis,  L.        Spearmint, 

Often  cultivated,  and  occasionally  spontaneous,  escaping  from  gardens. 
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M.  piperita  J  L.        Peppermint, 
Oocurring  like  the  last. 

H.  Canadensis,  L.       Wild  Mint. 
Common  throughout  the  state. 

LiYCOPUS^Toum.       Water  Horrhoukd. 

L.  Virgrinicus,  L.       BuRle-weed. 

Frequent,  especially  northward  ;  common  north  of  lake  Superior,  Juni,  RoherU. 

Li.  rubelluSy  Modocb.     (L.  Europaeas,  L.,  Tar.  intefirnfolius,  Graj.)     Water 
Horehound, 
Minneapolis,  TwininOt  Herrich;  upper  Mississippi  river,  Garriaon;  Baptism  river, 
Jimi. 

Li.  lucidus,  Turcz.,  var.  Americanos,  Oray.*       Water  Horebound^ 
Blue  Earth  county,  Leiberg;  Bear  lakes,  Murray  county,  Upham,      West. 

Li.  sinuatuSy  Ell.    (L.  Europseas,  L.,  var.  sinuatas,  Gray.)    '      Water  Hore- 
honnd. 
Frequent,  or  common,  throughout  the  state. 

PYCNANTHEMUM,  Michx.       Mountain  Mint.    Basil. 

P.  lanceolatani»  Parsh.       Mountain  Mint.    Basil.    *' PennyroyaL** 

Common,  in  many  districts  abundant,  on  moist  land  throughout  the  prairie  portion 
of  the  state. 

P.  linifolium,  Pursh.        Mountain  Mint.    BasU. 
Blue  Earth  county,  Leiberg.      South. 

CALAMLXTHA,  Tonni.,  Mcench.        Galakint. 

C  Nuttallii,  Benth.    (C.  glabella,  Benth.,  var.  Nuttallii,  Gray.)        Calamint, 
Falls  of  St  Anthony.  Wood*8  Clas&'Boolt.      Infrequent.      East. 

C.  Clinopodiiim,  Benth.       Basil. 
Stearns  county,  OarrUon.      Infrequent. 

HEDEOMA ,  Pers.       Mock  Prnn yrotal. 

H«  pules^oides,  Pers.        American  Pennyroyal. 

Upper  Mississippi  river,  Oarrieon;  lake  Pepin,  Miss  Manning.      Bare.      South. 

H.  hispida,  Pursh.       Mock  Pennyroyal. 

Common,  or  frequent,  through  the  south  half  of  the  state ;  extending  north  to  the 
upper  Mississippi  river,  OarrUon. 

MONABDA,  L.       Hobsb-Mint. 

M.  fistulosa,  L.       Wild  Bergamot. 

Throughout  the  state  :  frequent  northeastward ;  common,  often  abundant,  south- 
ward and  In  the  Bed  river  valley. 

*  LY00PU8  i^uciDua,  Turcz.  Stem  stout  (2  to  8  feet  hlgh),^rect.  aeute-augied  at  top; 
leaves  lanceolate  or  oblong-lanceolate  (2  to  4  inches  long),  acute  or  acuminate,  with 
large  and  very  sharp  serrations,  the  base  obtuse,  or  occasionally  acute,  subsesslle ; 
calyx-teeth  alternate,  subulate.— Var.  AMXBiCAXUSk  Gray.  Leaves  barely  shining  on 
both  sides,  often  hairy-pubescent ;  stem  generally  hairy ;  calyx-teeth  small  and  rigid. 
aray'8  RetHeUm  of  LycopuB,  Proe.  Amer,  Acad.,  1870. 
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M.  punctata,  L.       Hone-Mint. 

Upper  Mississippi  river,  JETouaMon;  Steams  county,  JAv.  BktUdell;  Nicollet  eoauty, 
AUon ;  lake  Pepin,  Miss  lidnning.      Rare.      Southeast. 

BLEPHILilA,  Raf.       Blbphilia. 

B.  cUiata,  Raf.       Blephilia. 
Lapham.      Rare.      Southeast. 

B.  hirsuta,  Bentb.       Blephilia. 
Lapham.      Infrequent.      Southeast 

LOPHANTBUS,  Benth.       Giant  Ht880p. 

Li.  iiepetoides,  Beoth.       Giant  Hyssop. 

Falls  of  the  St.  Groix,  Parry;  Lae  qui  Parle  county,  Upham,      South. 

L.  scrophularisefolius,  Benth.        Giant  Hyssop. 

Frequent  southward ;  extending  north  to  the  upper  Mississippi  river,  HougMon, 

Li.  anisatus,  Benth.        Anise  Hyssop. 

Common,  or  frequent  through  the  south  half  of  .the  state;  abundant  in  the  Red 
river  valley ;  extending  northeast  to  the  upper  Mississippi,  Houghton^  and  Rainy  Lake 
river,  Keating.  "All  three  of  the  above  species  are  found  side  by  side  at  the  Falls  of 
the  St.  Croix."  Parry. 

NEPETA,  L.        Cat-Mint. 

N.  Catariay  L.        Catnip. 

Frequent  throughout  the  state. 

X.  Glechoma,  Benth.        Ground  Ivy.    QUI. 

Occasionally  adventive  :  Todd  county,  Upham;  Minneapolis  (frequent),  RoberU; 
Maokato,  Leil>erg;  Lake  City,  Miss  Manning;  Emmet  county,  Iowa  (rare),  Cratty, 

DBACOCEPHALUM,  Toum.        Draooit-Hbad. 

D.  parvifloruin ,  Nntt.        Dragon-head. 

Throughout  the  state  :   frequent  northward;  rare  southward. 

PHYSOSTEGiA,  Benth.        Falab  Dbagon-head.    Lion'8-hbart. 

P.  Yirsriniaua,  Benth.        False  Dragon-head.    Lion's-heart. 

Frequent  through  the  south  half  of  the  state  and  in  the  Red  river  valley ;  extend- 
ing northeast  to  the  upper  Mississippi  river.  Parry, 

'BBJTSKLJjA,  Toam.        Sblf-hbal.    Hbal-all. 

B.  vulgaris,  L.       Self-heal.    Heal-all. 

Througliout  the  state :   eommon  northward ;  frequent  southward. 

SCUTELiLABJLA,  L.       Skullcap. 

S.  versicolory  Nutt.        Skullcap. 

Lapham .      Shore  of  lake  Pepin,  in  Wisoonsln,  Miss  Manning .      South . 

S .  parvula ,  Michz.       SkoUcap. 

Frequent  ttuough  the  south  half  of  the  state  and  north  to  the  upper  Mississippi 
river. 
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S  •  galericulata ,  L.       Skullcap. 

Common,  or  Ireqaent,  throughout  the  stftta. 

S.  lateriflora,  L.       Mad-doff  Skullcap. 
GommonnaBsand  range  like  the  last 

MABBUBIUM ,  Toam.        Horbhouhd. 

M,  vulgttr$t  L.        Horehound, 

Lake  Pepin,  MIm  Manning .      Tofrequent. 

GAIiEOPSm,  L.       Hekf-Nbttlb. 

(?.  Tetrahit,  L.        Common  Hemp-Nettle, 

Abundant  north  of  lake  Superior ;  Infrequent  southward.  Mr,  Roberta  describe! 
It  on  the  north  shore  of  lake  Superior  as  "very  common,  growing  on  the  shingle  espe- 
cially ;  corolla  almost  universally  white,  marked  with  yellow  in  the  throat ;  rarely 
purple.*' 

STACflnrS,  Toum.       Hedge-Nettle,    Woundwort. 

S  •  palustrls ,  L.       Hedge-Nettle.    Woundwort. 

Abundant  on  moist  ground  and  margins  of  sloughs  throughout  the  state  ;  in  many 
districts  southwestward  persisting  as  a  weed  In  wheat-llelds.  (The  tube  of  the  corolla 
is  abruptly  constricted  on  the  front  side  near  Its  base,  and  within  at  that  point  bears 
short  white  hair.   Floral  leaves  small,  but  much  exoeeding  the  sessile  calyx.) 

S.  aspera,  Michx.   (S.  palustris,  L.,  var.  aspera,  Gray.)       Hedge-Nettle. 
Woundwort. 
Common  north  of  lake  Superior  at  Little  Maraisand  Palisades,  Boherte;  Pembina, 
CMckering,  Scott;  Steams  county.  Garrison;  Minneapolis,  TuHning,  Kaeeube;  Blue 
Earth  county,  Leit>erg, 

liEONURUS,  L.       Motherwort. 

L,  Cardiaca,  L.        Common  Motherwort. 

Becoming  frequent  southward :  Minneapolis ;  Saint  Paul ;  Stillwater ;  lake  Pepin ; 
Fillmore,  Blue  Earth  and  Martin  counties. 

LAMIUM,  Toum.       Dead-Nbttlb. 
L*  amplexicaule,  L.       Dead-Nettle, 

Excelsior,  near  Minneapolis,  Mre,  Herrkk:  probably  also  at  Duluth.  This  is  likely 
to  become  a  frequent  weed. 


BORRAGINACEiE.        Borage  Family. 

SYMPHYTUM ,  Toum .        Comfrey. 

iS.  officinale,  L.        Comfrey. 

Escaped  from  cultivation  :  MinneapoUs,  W.  H,  Hatch;  Goodhue  county,  Sandbtrg . 
Infrequent. 

OKOSMODIUM,  Michx.       False  Gromwell. 

O.  Carolinianum,  DC.       False  Gromwell. 

Frequent,  occasionally  commoo,  through  the  south  half  of  the  state 


Digitized  by  VjOOQIC 


STATE  GEOLOGIST.  107 

O.  CarolinfaBum,  DC,  var.  moUe^  Graj^.  (0.  moUe,  Micbz.)       False 
Oromwell. 

Winona  ooanty,  Hokflnger;  Spring  Valley,  Fillmore  county,  Dr.  TT.  S.  Leonard! 
Beott  county,  Winchell;  Nicollet  county,  AiUm;  Blue  Earth  county,  Leiberg;  Fergus 
Falls,  Dr.  H,  C.  Leonard;  Worthlngton  (rare),  Foote.      South  and  west. 

lilTHOSPERMUAI,  Tourn.        Gromwbll.    Poccoon. 

rJL.  arveme,  L.,  may  be  expected.  It  is  reported  in  Michigan  as  a  bad  weed  in  wheat* 
fields] 

If  angrustifolium,  Michz.        Narrow-leaved  Gromwel]. 

Frequent  southward  and  In  the  Red  river  valley ;  extending  northeast  to  the  upper 
Mississippi  river.  (The  early-flowering  state  of  this  species,  with  the  tube  of  the  corolla 
much  elongated,  is  described  in  Oray*s  Manual  under  the  name  L.  longiflorum, 
Spreng.) 

L.  officinale,  L.        Common  Oromwell. 

Minneapolis,  Boherts,  Herriek;  Brockway,  Steams  county,  Miss  CampbtU.      Rare. 

li*  latifolium,  Michz.        Broad-leaved  Gromwell. 

Isanti  county,  Upham;  Saint  Paul,  Miss  Catheart;  near  Meeker's  island,  Minne- 
apolis, Kassube;  Chaska.  Carver  county,  JiaiU  Blue  Earth  county,  Leiberg;  Martin 
eounty  (rare),  Orotty.      South. 

li.  hirtum,  Lehm.       Hairy  Pnccoon. 

Common,  often  abundant,  on  sandy  land  in  the  south  half  of  the  state ;  extending 
ncrth  at  least  to  Fergus  Falls,  Leonard. 

Li.  canesoeuSy  Lehm.       Hi&iry  Poccoon  or  Alkanet.    ''  Indian  Painf 

Abundant,  or  common,  through  the  south  half  of  the  state,  and  in  the  Red  river 
valley ;  extending  northeast  to  the  upper  Mississippi  river.  The  red  Juice  of  the  root 
is  used  by  the  Indians  to  paint  their  faces  and  for  other  purposes  in  dyeing. 

[For  L  longiflorum.  Sprang ,  see  L.  angustifolium,  Michx.,  above,] 

MERTENSIA,  Roth.       Smooth  Lungwort. 

M.  Viririnioa,  DC.       YirRinian  Cowslip  or  Lungwort.    ^'  Blue  Bells.** 

Lapham.  Rochester,  Olipsted  county,.  Afiss  Beane;  Le  Roy,  Mower  county.  Miss 
BloBby.      Southeast. 

M.  paniculata,  Don.       Smooth  Lnn^wort 

Common  on  the  north  shore  o(  lake  Snperior,  Jtmi,  Roberts;  St.  Louis  river,  Mrs, 
Herriek,  **The  flower-buds  pink,  turning  blue  as  they  open,  thus  giving  the  flowering 
plant  a  showy,  variegated  appearance.    Still  blooming  in  August."   Roberts. 

MYOSOTIS,  L.       ScORFioN-oRASS.    Fobget-mb-not. 

M .  arveusis,  Hoffm.       ForRet-me-not. 

M  Inneapolls  (quite  surely  this  species),  Herriek.      Rare. 

M«  verna,  Natt.       Fornfet-me-not. 
Pipestone  county,  Mrs,  Bennett.     Rare. 

£€HINOSP£B]inJM,  Swartz.       Sticksebd.    Bur-seed. 

£•  floribandmn,  Lehm.*       Stickseed.    Bur-seed. 
Red  river  near  Saint  Vincent,  Davoson.      West. 

*EcHiNoePXBMt7V  FLORiBUNDUM,  Lehm .  Rather  strict,  two  feet  or  more  high,  or 
sometimes  smaller :  leaves  from  oblong-  to  linear-lanceolate ;  the  lowest  tapering  into 
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£•  deflexum,  Lehm.*       Siickseed.    Bur-seed. 
Red  river  yalley  at  Pembinap  Hawurd,      Northwest. 

E.  Lappula,  Lehm.        Sticksud.    Bur-seed,    ** Stick-tight  " 

Common,  often  abundant,  through  the  south  half  of  the  state ;  less  frequent  in  the 
Red  river  valley  and  the  region  of  lake  Superior  (reported  at  Duluth.  JwHt  and  in  the 
Ticinity  of  Saint  Vincent,  abundant,  Dcnmon). 

E.  Redowskiiy  Lehm.,var.  occideutale,  Watson.        Stickseed.     Bur- 
seed.    "  Stick-tiflrhfc.'* 

Frequency  and  range  nearly  like  the  last ;  but  probably  absent  northeastward. 
(Procumbent  and  ascending,  six  to  twelve  Inches  high.)— The  American  plant  is  less 
strict,  at  length  diffuse,  and  the  tubercles  or  scabrositles  of  the  nutlet  are  sharp  instead 
of  blunt  or  roundish,  as  in  the  Asiatic  plant.    Oray's  Synoptical  Flora  of  N.  A, 

E.  Yirgriiiicum,  Lehm.      (Cynoglossnm  Morrisoni,  DC.)         Beggar's  Lke. 
Stickseed.    Bur-seed.    *' Stick-tight.** 

Common,  or  frequent,  through  the  south  half  of  the  state ;  rare  or  less  frequent 
northward. 

CYKOGLOSSUM,  Tourn.       Houkd's-Tongub. 

C.  offleinalet  L.        Hotrnd'S'Tongue. 

Becoming  a  frequent  weed  :  lake  Pepin,  Jfiss  If  annffiy;  Hastings,  Ifeotuird,  and 
Mendota,  Dakota  eouuty,  Kassube;  NicoUet  county,  Aiton;  Jordan,  Scott  county,  Juni; 
Steams  county,  Oarrteon,  CampheU. 

C.  Yirs^nicum,  L,        Wild  Comfrey. 

Goodhue  county,  Scmdberg;  Stearns  county,  Upham;  St.  Louis  river,  Mrs.  Herrick^ 
Bast  and  north. 

ASPEBUGO,  Tourn.        German  Mudwort. 

A.  procufnbenSf  L.f        German  Mudwort, 

Adventive,  but  scarcely  established,  at  Pipestone  City,  Mrs,  Bennett      Rare. 

margined  petioles  :  racemes  numerous,  commonly  geminate  and  in  fruit  rather  strict : 
nutlets  with  elongated  triangular  back  naked  ^2  lines  longX  merely  scabroos ;  and  the 
margin  armed  with  a  close  row  of  flat  subulate  prickles,  their  bases  often  confluent : 
scar  smaller  and  narrowly  ovate .  Limb  of  corolla  varying  from  2  to  5  lines  in  diameter. 
Orav*s  Sunoptical  Flora  qfN,A, 

*BcHiM0BPBBiix7M  DEFUBZUM,  Lehm.  Diffusely  branched,  a  foot  or  so  high  :  leaves 
from  oblong  to  lanceolate :  racemes  lax,  loosely  paniculate :  flowers  soon  sparse, 
smaller  than  In  the  preceding :  nutlets  smaller,  and  the  mostly  naked  back  (a  line  long) 

broader Habit  intermediate  between  the  preceding  and  E.  Virglnleam, 

Lehm.;  the  American  specimens  having  occasionally  some  few  prickles  developed  from 
the  rough-granulate  dorsal  face  of  the  nutlets.  Fruit  as  well  as  flowers  about  half  the 
size  of  that  of  E.  floribundum.    Qtay*s  Synopticdl  Flora  ofN,A, 

t  ASPXBVGO,  Tourn .  Oalyx  when  In  flower  nearly  regular,  deeply  5- clef t,  in  fruit  2- 
lobed,  with  the  lobes  valvate,  closed,  flattish,  palmately  lactninate,  the  one  6-  and  the 
other  7-toothed.  Corolla  funnelsbaped-salvershaped ;  the  throat  closed  by  5  obtuse 
scales;  limb  concave,  5-lobed.  Stamens  included.  Nucules  laterally eompressed, 
nearly  smooth  with  raised  dots,  attached  by  their  narrow  Inner  edge  to  the  conical 
receptacle.  A  rough  herb  with  fragile  Juicy  stems,  and  small  axillary  purpUsh-blne 
flowers.  Galyxmuch  enlarged  and  reined  in  fruit,  somewhat  like  the  perianth  of  the 
female  flowers  of  the  genus  Atriplex. 

A .  proeumbens,  L.  The  only  known  species.  Annual ;  stem  ]  to  3  feet  long,  pro- 
cumbent or  trailing,  succulent,  brittle,  angular,  thinly  studded  with  reflexed  prickles. 
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HYDROPHYLLACE^,        Wateeleaf  Family. 

HYDROPHYLLUM,  Toum.       Watbblbaf. 

H.  Virgrii^cam,  L.       Waterleaf. 

Ck>mmoii,  occastoDally  abundant,  through  the  south  half  of  the  state  :  extending 
north  at  least  to  Morrisoh  oounty  (plentiful),  Upham,  and  Clay  county  in  the  Bed  river 
▼alley,  Oedge. 

H.  appendicuiatum,  Micbz.       Waterleaf. 

Lake  Pepin,  Miss  Mcmnino;  Blue  Earth  oounty,  Leiberg,      Bouth. 

ELIilSIA,  L.       Elltsia. 

£•  Nyctelea,  L.    (Indudioff  the  slender  form,  E.  ambigoa,  Nutt.,  which  pre- 
Tails  here.)       EUisia. 
Frequent  through  the  south  half  of  the  state  and  In  the  Red  river  valley. 

PHACELIA,  Jobs.         Phacelta. 

P.  Purshii,  Buckley.       Phacelia. 

Gray's  SynofiUetU  Flora  of  H,  Jl.\  Goodhue  county,  Sandherg.  Rare.  South  - 
east. 

P,  Franklinii,  Gray.       Phacelia. 

Shores  of  lake  Superior,  especially  on  Isle  Royale,  Gray's  Mawml;  abundant  at 
Port  Arthur,  Macfmn;  surely  also  In  northern  Minnesota. 


POLEMONIACEiE.        Polemonium  Family. 

POLEMONHJM,  Toum.        Greek  Valerian. 

P.  reptans,  L.       Greek  Valerian. 

Hesper,  Iowa,  adjoining  Fillmore  county  (common),  Mrs.  Carter;  Winona,  Hoi- 
zinger;  lake  Pepin.  Miss  Maiming!  Cannon  River  Fall9,  Blake,  Sandherg;  extending 
northwest  to  New  Ulm,  LHberg,  and  Alexandria,  Mrs,  Terry.  Infrequent.  South- 
east. 

PHLOX,  L.       Phlox. 

P.  maculata,  L.        Wild  Sweet  William. 

Northfleld,  Rice  county.  Chancy;  Dakota  county,  WincheU,  Upham;  Minneapolis, 
Herriek        South. 

P.  srlaberiima,  L.       Phlox. 

St.  Croix  Falls,  Miss  Field;  New  Ulm,  Jurel;  upper  Mississippi  river.  Garrison. 
Infrequent.       South. 

by  which  they  readily  adhere  to  the  clothes  of  passers-by  and  to  the  coats  of  animals. 
Leaves  oblanceolate,  subobtuse,  the  lower  ones  narrowed  into  winged  petioles  and 
slightly  decurrent.  those  on  the  upper  part  of  the  stem  scarcely  slalked,  nearly  opposite, 
or  3  or  4  in  a  whorl,  more  or  less  clothed  with  halrst  many  of  whieh  are  hooked-pointed. 
Peduncles  very  short,  at  first  erect,  aftennirds  recurved,  l-flowered.  Corolla  %  inch 
across,  dull  purplish  blue.  Calyx  in  fruit  H  inch  long,  dorsally  compressed,  of  2  palm- 
ately  laclniate  valves,  adpressed  to  each  other,  with  a  prominent  network  of  veins, 
sparingly  ciliated  and  clothed  with  bristly  hairs.  Nucules  yellowtsh-gray,  one-flfth 
Inch  long,  thickly  studded  with  smooth  white  scale-like  patches,  Smverhy^s  English 
Botany,  vol.  vlL 


« 
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P .  pilosa ,  L.        Hairy  Phlox. 

CommoD  throttghoat  the  prairie  portion  of  the  state ;  extending  northeast  to  the 
upper  Mississippi  river,  Houghton,  Oarriaon, 

P.  dlTaricata,  L.       Phlox. 

Frequent,  or  eommon,  southward ;  extending  north  to  MinneapoUs  (eommonX  Rob- 
erts, and  Redwood  FalU,  PemberUm.  [Tlie  rar.  Laphamli,  Wood,  oecurs  at  Minnehalia 
falls  (plentiful).  Roberts,  and  is  also  common  at  He8t>er,  Iowa,  Mrs.  Carter,] 

COLLOMIA,  Nutt.       Gollomfa. 

€•  liDearls,  Noli.*      Gollomia. 

Pipestone  county,  3frt,  Bennett,   [Upper  Missouri  riTer,  Oeyer,]      Wesr. 

CONVOLVULACEiE.        Convolvulus  Family. 

CONVOLVULUS ,  L        Bindwked. 

C.  sepiuniy  L.     (CaystoKia  sepium,  R.  Br.)       Redge  Bindweed.     Bracted 
Bindweed. 

Common  through  the  south  half  of  the  state  and  in  the  Red  river  Talley ;  extend- 
ing northeast  to  the  upper  Mississippi  river;  also, St. Louis  river, if rs.  Hsrrfeh, and 
probably  threughont  Minnesota. 

C.  sepium,  L.,  var.  repeDS,  Gray.f    (var.  pubeaoens,  Oray,  in  Manual.) 
Clay  county,  in  the  Red  river  valley,  Oedge. 

O*  spittiamaeus,  L.  (Calystegia  spithamsea,  Parsh.)  Bracted  Bindweed. 
Throughout  the  state,  hut  Infrequent.  Winona  county,  HoUinger;  lake  Pepin,  M4m 
Marmfno:  Dellwood,  White  Bear  lake,  Ramsey  county,  KeUey;  near  Minneapolis 
(rare).  Kassauhe ;  Steams  coupty,  Mrs.  BlaisdeU;  St.  Louis  river,  Mrs.  Herriek;  Red 
river  prairie  (rare),  Dawson ;  Pembina  (in  woods),  Chickering, 

CUSCUTA,  Toam.       Doddbb. 

C.  tenniflora,  Engelm.       Dodder. 

Lapham,      Blue  Earth  county,  Leiberg,  determined  by  TTotson.      South. 

C.  ehlorocarpa,  Ecfcelm.       Dodder. 

Minneapolis,  Kassube;  Blue  Earth  county,  Leiberg.      South. 

*(30LL0iiiA,  Nutt.  Corolla  tubular-funnel  form  or  salverform  with  a  more  or  less 
dilated  throat.  Filaments  slender,  unequally  inserted,  usually  protruded.  Ovules 
solitary,  few  or  many  In  each  cell.  Seed -coat  developing  mucilage  and  projecting 
numerous  spiral  threads  (splricles)  when  wetted  (except  in  C.  gracilis).  Annuals  or 
some  biennials,  with  alternate  leaves  (or  only  the  lower  ones  opposite),  which  an 
usually  pinnately  Incised  or  divided,  and  with  clustered  or  sometimes  scattered  flowers. 

G.  IJKKABI8,  Nutt.  Annual,  more  or  less  viscid -pubescent,  becoming  glabrate 
below,  glandular  above  ;  stems  erect,  simple  or  branching,  6  to  18  Inches  high ;  leaves 
sessile,  lanceolate,  very  entire ;  heads  crowded ;  lobes  of  the  calyx  triangular-lance- 
olate, acute ;  corolla  light  blue  or  nearly  white,  6  lines  long,  slender,  but  little  enlaiged 
at  the  throat,  the  limb  small ;  ovules  solitary ;  seeds  with  very  numerous  splricles. 
Porter  and  Coulter's  Flora  of  Colorado, said  Botany  of^  King's  Report,  following  Oray's 
Revision  of  N.  A,  Polemoniaceag,  Proc.  Amer.  Acad,,  1870,  vol.  vill. 

t  GOV  VOL  WLua  8KPIUU,  L . ,  var.  kkpkkb.  Gray.  (Dorolla  from  al  most  white  to  roee- 
oolor :  bracts  from  very  obtuse  to  acute :  herbage  from  minutely  to  tomentose-pab- 
escent :  sterile  and  sometimes  flowering  stems  extensively  prostrate  :  leaves  mora 
narrowly  sagittate  or  cordate,  the  basal  lobes  oommonly  obtuse  or  rounded  and  entire. 
(Troy's  Synoptical  Flora  of  N.A. 
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C.  Gronovli,  WiUd.        Dodder. 

€k>ininoii.  or  frequent,  through  the  aoath  hall  ol  the  state  and  in  the  Ked  river 
▼alley. 

C.  Gronovii,  Willd.,  Tar.  latiflora,  Kogrelm.        Dodder. 

Doubtless  Id  this  state ;  as  It  occurs  at  Hesper,  lu  the  north  edge  o(  Iowa  (on  Impa- 
tiens  fulva),  Jfrs.  Carter,  Arthur.  [A  form  with  flowers  of  more  delicate  texture,  and 
'shorter  tube  and  longer  lobes  to  the  corolla.   Gray*§  Synoptlecd  Flora  of  N,  A.J 

C  •  srlomerata ,  Choisy .       Dodder. 

Frequent,  or  common,  through  the  south  i>art  of  the  state;  extending  north  to 
Steams  county,  Campbell,  and  Bedwood  Falls,  JMm  Butter. 

SOLANACEiE.        Nightshade  Family. 

SOLANUM,  Team.       Niobtbhadb. 

S,  Dulcamara f  L.       BHUrtwttU 

Stillwater,  MUe  Field ;  Lake  City,  Mrs .  Ray.      Infrequent. 

S.  nlsrrum,  L.       Cominon  Nightshade.    Black  Nightshade. 

Common  through  the  south  half  of  the  state,  especially  southwestward,  where  the 
berries  are  often  used  for  pies  and  sauce.  Indigenous :  also  cosmopolitan. 

PHYSALilS,  L.       Gboukd  Chbury. 

P»  s^i^ndiflora.  Hook.       Ground  Cherry. 

Upper  Mississippi  river,  Oartison;  Stearos  county,  Mre.  BlaUdeU;  St.  Louis  river, 
Mre.  HerrUk.      North. 

P.  Philadelphlca,  Lam.       Ground  Cherry. 

Lake  Pepin,  Mies  Manntng:  Blue  Earth  county,  Leiberg ;  Bedwood  Falls,  Pemher- 
ton.      South. 

P.  angulata,  L.       Ground  Cherry. 

Lapham,      Minneapolis,  Turimlng,  Simmone.      Bare.      South. 

P,  pubescens,  L.       Ground  Cherry. 

Frequent,  or  common,  in  the  south  part  of  the  state ;  extending  west  at  least  to 
Worth)pgton,  Nobles  county  (common),  Foote,  and  north  to  New  Ulm  and  Anoka 
county,  Juni,  and  Steams  county,  Campl)ell. 

P.  Virgriniana,  Mill  (P.  viacoea,  in  Gray*8  Manual.)         Ground  Cherry. 

Frequent  southward ;  extending  north  to  the  upper  Mississippi  river.  C^arriaon. 
[North  of  lake  Superior,  Agaetiz;  Pembiua  mountain,  Havard.] 

P.  Virgriiiianay  Mill.,  var.  amblgrua,  Gray.       Ground  Cherry. 

A  coarse  and  very  villous  form  with  anthers  violet  I— Wiseonsin  {Lapham)  to  Sas- 
katchewan, Bourgeau,  Drummondt  8te.,  Gray's  Synoptical  Flora  of  N.A.;  therefore 
doubtless  in  Minnesota. 

P.  lanceolata,  Michz.  (P.  Pennsylvanica,  in   Manual.)       Ground  Cherry. 
Common,  or  frequent,  through  the  south  half  of  the  state  and  lu  the  Bed  river  val 
ley ;  extending  northeast  to  Itasca  lake,  Houghton. 

XICAKBRAy  Adans.        Apple  cf  Pebu. 

K.  phy»alo%de$,  G»rtn.       AppU  af  Peru. 

Adventive,  Minneapolis,  WiUiams,  Roherte.      Infrequent. 
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LYCIUM,  L.       Matrimomy-Vihb. 

L.  vulgart,  Dunal.        Matrimony' Vine. 

AdveDtWe,  MlnDeapolis,  Juni,  Roberts.      Infrequent. 

DATURA,  L.       jAMJttT0WK*WxsD.     Thobh-Apple. 

D.  Stramonium,  L.        Common  Stramonium  or  Thorn-Apple. 

Steams  oounty,  Camphellt  Minneapolis,  Roberts;  Goodhue  county,  Sandberg;  Blue 
Earth  county,  JXbera.      Infrequent.      South. 

D.  Tatula,  L.       Purple  Thorn-Apple. 

Saint  Paul,  Miss  Caiheart;  Goodhue  county,  Sandberg;  lake  Pepin,  Miss  Manning. 
Rare.      South. 

NICOTIANA,  Toum.       Tobacco, 

N.  nigtica,  L.        Wild  Tobacco. 

Near  Clotho,  Todd  county,  Upham;  "a  relic  of  cultivation  by  the  Indians."    Bare. 

GENTIANACEiE.        Gentian  Family. 

HALENIA,  Borkh.       Spdbrbd  6brtl\k. 

H.  dellexa,  Griseb.       Spurred  Gentian. 

Common  north  of  lake  Superior,  Juni,  Roberts;  lake  of  the  Woods,  Dawson.     Noith . 

G£NTI AXA,  Toum .       Gentian. 

G.  Amarella,  L.,  var.  acuta.  Hook,  f.*       Gentian. 

Bed  river  valley  near  Saint  Vincent,  Scott;  determined  by  Watson.      Northwest. 

G.  quinqueflopa.  Lam.,  var.  oocldentalis.  Gray.        Five-flowered  Gen- 
tian. 

Frequent,  or  occasional,  through  the  south  part  of  the  state ;  extending  north  to 
Saint  Paul  and  White  Bear  lake.  Mrs.  Terry,  Stillwater,  Miss  Field,  and  the  upper 
Mississippi  river.  Garrison.  [Common  at  Hesper,  Mrs.  Carter,  and  In  Bmmet  county, 
Iowa,  Cratty. 

G.  crinita,  Frcel.       Fringed  Gentian.  « 

Common,  or  frequent,  throughout  the  state. 

G.  serrata.  Gunner.    (G.  detonsa*  in  Mantidl.)       Smaller  Fringed  Gentian. 
Also  common  throughout  the  state.    This  and  the  preceding  grow  together,  and  In 
many  places  are  very  abundant  locally. 

G.  alba ,  Muhl.       Whitish  Gentian. 

Throughout  the  state,  but  Infrequent.  Hesper,  If rs.  Carter;  Winona,  Hoheinger; 
Cannon  Biver  Fallt ,  BlOkt,  Sandberg;  Faribault,  MissBeane;  Saint  Paul,  Miss  Catheart; 

*Gkktiaka  Amabblla.  L.  From  2  to  20  Inches  high  :  leaves  from  lanceolate  to 
narrowly  oblong,  or  the  lowest  obovate-spatulate  :  Inflorescence  disposed  toberaceml- 
form  :  calyx  6-oleft  (or  rarely  4*cleft)  below  the  middle ;  the  lobes  lanceolate  or  linear, 
equal  or  one  or  two  of  them  longer,  all  shorter  than  the  mostly  blue  corolla :  the  latter 
(funnelform,  with  entire  lobes)  half  inch  or  more  long ;  Its  lobes  oblong,  obtuse  or  be- 
coming acute  (with  setaceous-flmbriate  crown  on  their  base) :  capsule  sessile.— Var. 
ACCTA.  Hook.  f.  Calyx  almost  5-parted ;  crown  usually  of  fewer  and  sometimes  very 
few  sets.    Qray*s  Synoptical  Flora  ofN.A. 
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Minneapolis,  Rohertsi  SL  Croix  Falls,  MUs  Field;  New  Ulm,  Juni;  Steams  oonnty, 
Campbell;  Roseau  river,  Scott, 

G .  Andrewsii,  Griseb.       Closed  Gentian . 

Frequent  through  the  south  half  of  the  state  and  in  the  Red  river  Talley ;  extending 
northeast  to  the  upper  Mississippi  river,  Geyer.  OarrUon. 

G.  Sapouaria,  L.        Soapwort  Gentian. 

Lapham.  Cannon  river.  Otyer;  Anolia  county,  JwnA;  Fembina,  Haoard,  Infre- 
quent.     South  and  west. 

G.  linearis,  Ficel.,  var.  lanceolata*  Gray.*    Gentian. 

Minnesota  and  along  lake  Superior,  Gray's  Synopiicdl  Flora  of  N,  A.;  frequent  ou 
prairies.  Blue  Earth  county,  Lelberg, 

G.  pubenila,  Michz.       Gentian. 

Common,  or  frequent,  through  the  south  half  of  the  state  and  In  the  Bed  river  valley 
(oommon  northward  to  Ada,  Norman  county,  Upham^  and  infrequent  to  the  vicinity  of 
Saint  Vincent,  ScoU). 

G.  affiniSy  Griseb.f        Gentian. 

Lapham,  Red  river,  Watson  in  King's  Beport;  near  Saint  Vincent,  SeoU,  deter- 
mined by  Wataon,      West 

MEKTAKTBOSS,  Toum.       Buckbkan, 

M .  trifoliata,  L.       Buckbean. 
Common  throughout  the  state. 

LIMXANTHEMUM,  Gmelin.       Floating  Heart. 

Li.  laciinosum,  Griaeb.       Floating  Heart. 

In  a  lake  near  Alexandria,  Douglas  county,  Mrs.  Terry.      Bare. 


APOCTNACEiE.       Dogbane  Family. 

APOCYNUM,  Toum.       Dogbanb.    Indian  Hemp, 

A.  androsaemifolianit  L.       Spreading  Dogbane. 
Common  throughout  the  state. 

*GsirTiANA  UKBABia,  FroBl.  (6.  Saponaria,  L.,  var.  linearis,  Grtseb.)  Smooth 
throughout :  stem  slender  and  strict  a  foot  or  two  high :  leaves  linear  or  narrowly 
lanceolate,  m  to  8  inches  long,  2  to  6  lines  wide,  and  with  somewhat  narrowed  base  : 
flowers  1  to  6  in  the  terminal  involucrate  duster,  and  often  solitary  in  one  or  two  axils 
below :  calyx-lobes  linear  or  lanceolate,  shorter  than  the  tube :  corolla  blue,  an 
inch  or  more  long,  narrow-funnelform ;  the  erect  lobes  roundish-ovate  and  obtuse,  2 
lines  long,  a  little  longer  than  the  triangular  acute  and  entire  or  slightly  1-  to  2-toothed 
appendages.^Var.  lanobolata.  Leaves  lanceolate,  or  the  upper  and  involucrate 
ones  almost  ovate-lanceolate  (i  or  2  inches  long  and  even  half  inch  wide) :  appendages 
of  the  sinuses  of  the  corolla  sometimes  very  short  and  broad.  .  .  .  Approaches  narrow- 
leaved  forms  of  G.  alba.    Qrav*8  Synoptical  Flora  of  N,  A. 

tGxMTiANA  AFFiHis,  Griseb.  StcRis  Clustered,  a  span  to  a  foot  high,  mostly 
ascending :  leaves  from  oblong  to  lanceolate  or  linear :  flowers  from  numerous  and 
thyrsoid -racemose  to  few  or  rarely  almost  solitary :  bracts  lanceolate  or  linear :  calyx- 
lobes  linear  or  subulate,  unequal  and  variable,  the  longest  rarely  equalling  the  tube, 
the  shorter  sometimes  minute  :  corolla  an  inch  or  less  long,  rather  narrowly  funnel- 
form  ;  its  lobes  ovate,  acutlsh  or  mucronulate-pointed,  spreading.  Oray'e  Synoptical 
FloraofN.A, 

8P 

Digitized  by  VjOOQIC 


114  TWELFTH  ANNUAL  REPORT. 

A.  cannablnum,  L.       Indian  Hemp. 

Also  common  throughout  the  state.  (Polymorphouti ;  the  Tar.  glaberrlmum,  DC., 
has  been  noted  In  Farlbanlt  county,  Upham;  and  var.  hypericUolium,  Gray,  at  lake 
Mlnnetonka,  Roberts^  St.  Lonis  river,  Mrs,  Herrick,  and  Pemblnat  Havard:  var.  pnbes- 
eens,  DO.,  probably  also  occurs  here ;  but  Intermediate  forms  are  found,  "renderluR 
useless  any  sub-speclflc  names." 

ASCLEPIADACEiE.        Milkweed  Family. 

ASCLEPIAS,  L,       Milkweed.    Silkwsed. 

A.  speciosa,  Torr.*       MUkweed.    Silkweed. 

Red  rlyer  valley.  In  Clay  county  (frequent  on  portions  of  the  prairie  which  are  Inter- 
mediate between  wet  and  dry),  UpJiarm  Big  Stone  county,  CampheU,  determined  by 
Prof.  Asa  Oray;  extendlog  east  to  the  central  part  of  Minnesota,  Rev.  E.  L.  Oreenct 
and  Martin  county,  OedgCy  Lelberg,  [Frequent  In  Emmet  county,  Iowa  (sometimes 
troublesome  In  graln-flelds.  like  A.  Comutl  elsewhere),  Oratty.}      West 

A.  Comutl,  Decaisne.       Common  Milkweed  or  Silkweed. 
Common  throughout  the  state,  excepting  perhaps  northeastward. 

A.  SuIIivantfi,  Engelm.        Sullivant's  Milkweed. 

m  Common,  or  frequent,  across  the  south  part  of  the  state ;  extending  north  to  Blue 
Earth  county,  Oedge,  Brown  county,  Juni,  wet  prairies  of  central  Minnesota.  Rev,  E.  L, 
Orcene,  and  In  the  Bed  river  valley  at  least  to  Clay  county  (frequent),  Oedge, 

A.  phytolaccoides,  Pursii.       Poke-Milkweed. 

St.  Croix  river.  Parry;  lake  Pepin,  Miss  Manning;  Mluneapolls,  Herrkk,  Hatch; 
Steams  county,  Upham;  Detroit,  Becker  county,  Qedge,      Infrequent.      South. 

A.  purpurascens,  L.       Purple  Milkweed. 

Lake  Pepin,  Miss  Manning;  Stillwater,  Miss  Field;  Hennepin  county.  Herrieh, 
Hatch;  upper  Mississippi  river.  Garrison,      Infrequent.      South. 

A.  ovalifolia,  Decaisne.       Milkweed. 

Frequent  throughout  the  prairie  region  of  the  state  :  common  In  Benton,  Steams 
and  Todd  counties  (In  oak  openings  and  prairies),  Upham;  the  most  common  species  of 
this  genus  In  the  Red  river  valley,  Oedge. 

A.  quadrifolia,  L.       Foar-leaved  Milkweed. 

Shores  of  lake  Pepin,  both  in  Minnesota  and  Wisconsin,  Miss  Manning,      Rare. 
Souih. 

A.  iucarnata,  L.       Swamp  Milkweed. 
Common  throughout  the  state. 

A.  incarData,  L.,  var.  pulclira,  Pers.       Swamp  Milkweed. 
Minneapolis,  Kassube. 

*A8GLKPiAfl  BPKCI08A,  Torr.  Finely  canescent*tomeutose,  rarely  glabrate  with 
age :  leaves  from  subcordate-oval  to  oblong,  thlcklsh :  peduncles  shorier  than  the 
leaves :  pedicels  of  the  many -flowered  dense  umbel  and  the  calyx  densely  tomentose : 
flowers  purplish,  large  :  corolla-lobes  ovate-oblong,  4  or  5  lines  long :  hoods  5  or  6  lines 
long,  spreading,  the  dilated  body  and  Us  short  Inflexed  horn  not  surpassing  the  anthers, 
but  the  center  of  Its  trancate  summit  abruptly  produced  Into  a  lanceolate-llgulate 
thrice  longer  termination :  column  hardly  any :  wings  of  the  antheis  notched  and 
obscurely  cornlculate  at  base.— Follicles  echlnate  with  soft  spinous  processes  and 
densely  tomentose,  large  (3  to  5  Inches  long)  and  ventricose,  ovate  and  acuminate, 
arrect  on  deflexed  pedicels:  leaves  large  and  broad,  short-petloled,  transversely 
veined  :  stems  stout  and  simple,  2  to  5  feet  high.    Oray's  Synoptical  Flora  of  N,  A. 
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A.  obtuBifolia,  Michx.       Milkweed. 
Lapham,      South. 

A.  tuberosa,  L.        Butterfly- weed.    Pleurisy-root 

Common,  or  frequent,  through  the  south  half  of  the  state ;  extending  north  to  the 
upper  Mississippi  river,  Oarridon,  and  Fergus  Falls,  Leonard;  not  observed  in  Clay 
county,  Oedge, 

A.  yerticiUata,  L.       Whorled  Milkweed. 

Frequent  southeastward ;  extending  north  to  Otter  Tall  county,  Upham,  Clay 
couuty  (common),  Oedge,  and  Pembina,  Chieltering. 

ACEBATES.  £11.       Grebn  Milkwbbd. 

A.  Tiridillora,  Ell.       Green  Milkweed. 

Oecasional  through  the  south  half  of  the  state  and  In  the  Red  river  valley. 

A.  Tiridiflora,  Ell.,  var.  lanoeolata.  Gray.       Green  Milkweed. 

Blue  Earth  county  (freqnent),  Leiberg;  Clay  county,  Red  river  valley,  Oedge.  [With 
lanceolate  leaves  2H  to  4  Inches  long.    Oray's  Synoptical  Flora  of  N,  A.l 

A.  yiridllloray  ElU,  Tar.  linearis,  Gray.       Green  Milkweed. 

Clay  county,  Oedge.  West.  [With  elongated  linear  leaves  and  low  stems  : 
umbels  often  solitary.— Winnipeg  Valley  to  New  Mexico.     Oray*§  Synoptical  Flora  of 

N,A.] 

A.  lauugrinosa,  Decaisne.        Green  Milkweed. 

Winona  county,  Boh^nger;  Blue  Earth  county,  Leiherg;  Minneapolis,  Juni^  Roberta; 
Redwood  Falls,  Pemberton;  Clay  county.  Red  river  valley,  Oedge,  (Specimens  with 
some  of  the  leaves  having  two  equally  prominent  mi«lribs  and  the  end  bifid  were  col- 
lected in  Clay  county  by  Prof.  Oedge.)      South  and  west. 

A.  lonflrii'olia,  £11.       Green  Milkweed. 

Freeborn  county,  Upham;  Cannon  River  Falls,  Blake,  Sandberg;  frequent  In  Martin 
county,  and  In  Bmmet  county,  Iowa, Craety;  Stearns  county,  Airs.  Btaiadell;  upper 
Mississippi  river,  Garrison.      South. 

OLEACEiE.         Olive  Family. 

PRAXIKUS,  Toum.       Ash. 

F,  Americana ,  L.       White  Ash. 

Frequent,  often  common,  throughout  the  state,  excepting  far  northward.  The 
white  and  black  ash  are  well  known  as  valuable  timber  trees. 

F.  pubesceDSy  liam.       Red  Ash. 

Frequent  from  lake  Pepin,  Ifiss  iianning,  to  Steams  and  Todd  counties  and  Sand 
Hill  river,  Upham;  the  White  Earth  reservation.  Garrison;  reaching  its  northern 
limit  on  Rainy  river,  Richard$on. 

F.  TlridlSy  Michz.  f.       Green  Ash. 

Common,  or  frequent,  throughout  the  state;  extending  north  at  least  to  Rainy  river 
and  the  lake  of  the  Woods,  and  common  along  the  R«d  river  in  Mauitota,  Bell;  the 
m«ist  common  species  of  ash  in  Iowa,  Arthur. 

F.  sambucifolla.  Lam.       Black  Ash. 

Frequent,  occasionally  plentiful,  throughout  the  state,  excepting  perhaps  south- 
westward.  [Its  northwestern  limit  reaches  the  southern  part  of  lake  Winnipeg,  and 
thence  extends  southward  along  the  east  side  of  Red  river,  BeU,} 

F.  quadrangrulata,  Michx.        Blue  Ash. 

Upper  Mississippi  river,  Oarrison;  near  tbe  Rainy  lake  valley r  Clark,  ^^(are. 
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ARISTOLOCHIACEiE.        Birthwort  Family. 

AS  ARUM,  Tourn.       AaABABACCA.    Wild  Gikger. 

A.  Oanadense,  L.       Asarabacca.     Wild  Ginger. 
Common,  or  frequent,  throuRhout  the  state. 

ABISTOIiOCHIA ,  Toum.       Birthwort. 

A.Sipho,  L'Her.       Pipe- Vine.    Dutchman's  Pipe. 

Fillmore,  Houston  and  Ramsey  counties,  WinehM;  Riee  county,  Sperry;  lake 
Pepin,  M  <M  Manning .      Southeast. 

NTCTAGINACEiE.        Four-o'olook  Family! 

OXYBAPHUS,  Vabl.       Oztbaphus. 

O.  nyctagrineus,  Sweet       Ozybaphas. 

Common,  or  frequent,  through  the  south  half  of  the  state;  extending  north  to  the 
upper  Mississippi  river,  Parryt  Gkurtoofi,  and  Sand  Hill  river,  Upham;  also  found  at 
the  lake  of  the  Woods  (sandy  ridges  of  southern  shore),  Dawson. 

O.  hirsutus.  Sweet.       Ozybaphas. 

Frequent  southward ;  extending  north  to  Minneapolis  and  Big  Stone  lake,  UpTiam, 
and  to  Pi^mbina,  Havard,  South  and  west.  [One  foot  high,  hirsute  throughout ; 
leaves  lanceolate,  thick,  the  lower  short-petioled:  fruit  of  O.  nyctaglneus.  Botany  of 
Kino*a  ExpL  of  the  FotUHOv  Parallel.] 

O.  angustifolios,  Sweet.       Oxybaphus. 

Frequent  through  the  south  half  of  the  state.  Southwest.  [One  to  six  feet 
high,  glabrous,  except  the  peduncles  and  involucres ;  leaves  linear.  Botany  of  King^n 
ExpL  of  the  Fortieth  ParaUa,  In  all  these  species  the  fruit  is  pubescent,  and  the  in- 
volucre always  3-  to  5-flowered.] 


PHTTOLACCACE^.       Pokbwbbd  Family. 

PHYTOLACCA,  Toum.       Pokeweed. 

P,  decandra,  L.       Garget.    Poke.    Scoke.    Pigeon-Berry. 

Throughout  the  south  half  of  the  state,  but  infrequent  or  rare.  Blue  Earth  county, 
Lelberg;  Mmneapolis,  ^.  W.Jones;  upper  Mississippi  river,  Garrison. 

CHENOPODIACEiE.       Goosbfoot  Family. 

CYCLOLOMA,  Moqain>       Winged  Pigweed. 

C.  platyphyllum,  Moquin.       Winged  Pigweed. 

Beach  at  northwest  side  of  Mille  Lacs  (plentiful),  and  north  end  of  Long  lake. 
Crow  Wing  oounty,  Upham. 

CHENOPODIUM,  Toum.    (Including  Blitum,  Toum.)        Goose- 
foot.    Pigweed. 

C.  alburn^  L.        Lamb" s- Quarters,    Pigtcetd. 

A  common  weed  In  waste  and  cultivated  ground  throughout  the  state. 
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C.  Boscianum,  Moquin.*  (C.  album,  L.,  var.  Bcsciannm,  Gray,  in  Manual,) 
Goosefoot. 
Stony  Point,  lake  Madison,  Bine  Earth  county,  Oedoc      Soutli. 

C.  urbicum^  L.        Goosefoot. 

Red  river  valley  at  Pembina,  JETarord.      Infrequent. 

C.  urbicum,  L.,  var.  rhomlnfoliutn,  Moquin*       Ooostfoot* 
Stillwater,  Mi88  Field.      Infrequent, 

C.  hyhridum,  L,       Maple-leaved  Goosefoot, 
Frequent,  often  common,  throughout  the  state. 

C.  Botryst  L.       Jerusalem  Oak.    Feather  Geranium^ 

Northeastward,  Clarlt;  Minneapolis,  Herrich ;  Stillwater  (plentiful),  Miss  Butler, 
M  iss  Field.      Infrequent . 

[C.  ambrosioides,  L.,  will  probably  extend  to  Minnesota.] 

C.   rubrum,   L.,  var.    humile,    Watson.      (Blitam  maritioiam,  Nutt.) 
Coast  Blite. 
Lapham.      Northwest.  [Var.  huxilb,  Watson.    Smaller,  prostrate  or  ascending  : 
leaves  ovale  to  lanceolate,  often  hastate,  an  Inch  long  or  less,  rarely  toothed :  flowers 
in  ailUary  or  somewhat  spleate  clusters.    Watson,  Botany  of  Vmlifomia.] 

C.  capitatum,  Watson.    (Blitum  capitatom,  L.)       Strawberry  Blite. 

Stillwater,  if {M  JPieZd;  Steams  county,  Mre.  fikifedell;  north  of  lake  Superior, 
Aga8siz\  Carlton  county,  and  Minnesota  Point,  lake  Superior  (Juice  of  the  fruit  used  by 
the  Chippewa  Indians  for  stainingX  Roberts.      North. 

C  Bonus- HenricuSf  L.  (Blitum  Bonus^Henricus,  Reich.)       Good'King- Henry. 
Lake  of  the  Woods,  Daweon,      Bare. 

[Atrlplex  patula,  L.,  var.  hastata.  Gray,  and  var.  littoralls,  Gray,  will  probably  be 
found  on  the  shore  of  lake  Superior  In  Minnesota.] 

CORISPEBMUM.  Ant.  Jnssieu.       Bug-seed. 

C.  hyssopifolium,  L.       Bag-seed. 

Minnesota  Point  (plentiful),  also  near  Minneapolis,  Roberts;  northwest  beach  of 
Mllle  Lacs  (abundantx  Upham;  Red  river.  Hooker,  Watson.      Local. 

SALICORNIAyTourn.        Glas8>yort.    Samfhibb. 

S.  herbaoea,  L.        Glasswort.    Samphire. 

In  the  vicinity  of  a  salt  spring  on  the  bank  of  the  Red  river  near  Saint  Vincent, 
Say.  Nuttall.      Bare. 

SUw^DA,  Forskal.       Sea  Blitb. 

S.  depressa,  Watson.f        Sea  Blite. 

Lapham.  Bed  river  valley  near  Saint  Vincent  (common).  Upham;  Pembina,  dry 
plains,  Chickering.      Northwest. 

•  Chekopodivm  BoaciANDM,  Moquin.  Erect,  slender,  2  feet  high,  loosely  branched, 
nearly  glabrous;  leaves  thin,  oblong  to  linear-lanceolate,  i  to  2  Inches  long,  acute,  at- 
tenuate Into  a  long,  slender  petiole,  the  lower  sinuate-dentate,  or  often  all  entire; 
flowers  very  small,  solitary,  or  in  small  clusters  upon  the  slender  branchlets ;  calyx 
green,  not  strongly  carinate,  partly  covering  the  at  length  naked  seed,  which  is  H  line 
broad.    Watson's  Revision  of  Chenopodium,  Froe.  Am.  Acad,,  vol .  ix. 

-rSujBDA  DEPBB88A,  Watsou.  Annual:  low  and  mostly  decumbent,  branching  from 
the  base,  with  usually  short  ascending  leafy  branchlets :   leaves  linear,  broadest  at 
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AMARANTACEiE.        Amaranth  Family. 

AMARANTUS,  Tourn.       Amaranth. 

A,  retroflexus,  L.        Pigweed.    Red-root. 
A  eommon  weed  throaghout  the  state. 

A,  albu8t  L.        Tumble-weed. 

Frequent  southeastward  and  in  the  Red  rl^er  valley ;  abundant  south  west  ward,  on 
both  the  longest  cuUi?ated  and  the  newly  broken  land.  (North  of  lake  Superior,  Agai- 
siz;  "  sandy  shore  of  the  upper  Missouri "  [probably  there  Indigenous,  and  perhaps  so 
in  western  Minnesota],  Oeyer.)  The  popular  name  alludes  to  the  behayior  of  this  plant 
in  autumn  and  winter,  as  described  by  Arthur :  "It  grows  in  a  globular  form,  •  often 
three  or  fourfe«'t  In  diameter.  When  killed  by  frost,  the  branches  remain  rigid,  the 
plant  soon  loosens  from  the  soil,  and  the  wind  drives  it  bounding  over  the  fields  and 
prairies,  until  brought  up  in  some  fence  corner.  When  the  corner  is  full,  those  that 
follow  are  enabled  to  scale  the  fence.  With  a  change  of  wind,  all  the  lodged  plants 
are  set  flying  in  another  direction.  This  is  an  eftective  method  of  scattering  the 
seeds."— Prairie  fires  are  sometimes  carried  by  these  rolling  dead  weeds  across  broad 
fire-breaks  of  plowed  land. 

A.  blitoideSy  Wntson.*       Amaranth. 

Mankato  (a  common  weed  by  roadsides  and  in  waste  places),  Leiherg;  Martin 
county,  and  in  Emmet  county,  Iowa,  (rare).  Cratty.  South.  "It  grows  flat  upon  the 
ground  like  purslane,  and  has  a  dark  green,  glossy  leaf,  not  much  larger  than  that  of 
purslane,  but  thinner.  It  is  a  native  of  the  western  plains,  but  is  traveling  eastward 
as  a  weed.  It  is  abundant  in  Iowa  at  Clear  Lake  and  southward."   Arthur. 

ACNIDA,  L.       Water- Hemp. 

A.  tuberculata,  Moquin.  (Montelia  tamariscina,  Gray,  io  part,  and  its  var. 
coDcatenata,  Gray.)  Water- Hem  p. 
St.  Croix  river.  Parry;  common  on  gravelly  shores  of  the  Le  Sueur  and  Minnesota 
rivers  in  Blue  Earth  county,  Leiberg;  also  common  in  Martin  county,  and  in  Emmet 
county,  Iowa,  Cratty.  "Sometimes  erect,  and  from  one  to  four  feet  high  ;  sometimes 
spreading  or  prostrate."      South . 

FBCELICHIAy  Moeoch.       Frcelichia. 

F.  Florlclana,  Moquin.        Froelichia. 

Lapham.      Minneapolis,  iZobcrte.      Rare.      South. 

POLYGONACEiE.         Buckwheat  Family. 

POLYGONUM,  L.       Kkotweed.    Polygonum. 

P.  viviparum,  L.       Alpine  Bistort. 

Grand  Marais,  lake  Superior,  Roberta.      North. 

base,  semiterete,  H  to  1  inch  long,  the  floral  ones  oblong-  to  ovate-lanceolate  or  ovate, 
acute,  rather  crowded  :  calyx  cleft  to  the  middle  somewhat  unequally,  one  or  more  of 
the  acute  lobes  strongly  carinate  or  crestecl :  seed  vertical  or  horizontal,  half  a  line 
broad,  very  lightly  reticulated.    WaUon,  Botany  of  California. 

*Amarantus  BLIT0IDB8,  Watsou.  Prostrato  or  decumbent,  the  slender  stems 
becoming  a  foot  or  two  long,  glabrous  or  nearly  so :  leaves  broadly  spatulate  to  nar- 
rowly oblanceolate,  attenuate  to  a  slender  petiole,  an  inch  long  or  usually  less ;  flowers 
in  small  contracted  axillary  spikelets;  bracts  nearly  a  line  broad.  Proc.  Amer. 
^  cad.  vol.  xii. 
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P.  anentaU,  L.        Prince's  Feather, 
Lake  Pepin,  Miaa  if  annfny.      Infreqaent. 

P.  Pennsylvanicuin,  L.       Knotweed.    Polygonum. 

Frequent,  or  common,  through  the  soath  half  of  the  state  and  In  the  Ked  rlTer 
valley. 

P.  incarnatum,  EIL       Polygonam. 

Frequent,  or  common,  through  the  south  half  of  the  state. 

P.  la|>athifoliani,  Ait.,  var.  incanum,  Eoch.       Polyfconum. 
Minneapolis,  Roberts;  lake  Fepln,  Miae  Manning.      Rare.      North. 

P.  Persiearia,  L.       Lculy's  Thunib.    Heartweed, 

Common  throughout  the  state,  excepting  near  its  west  side,  where  this  and  the  two 
following  species  seem  to  be  less  frequent  or  rare. 

P.  Hydropiper,  L.       Ck>minon  Smartweed  or  Water-pepper. 
Common,  ofteu  abundant,  with  range  like  the  last. 

P.  acre,  HBE.       Water  Smartweed. 
Common,  with  same  range. 

P.  hydropiperoidetty  Micbx.       Mild  Water-pepper. 

Frequent,  or  common,  southward;  also  found  at  the  lake  of  the  Woods,  Daioson,  and 
in  the  Bed  ri?er  Talley,  Scott. 

P.  amphibium,  L.,  var.  aqaaticum,  Willd.        Polyfconum. 
Frequent,  often  common,  throughout  the  state. 

P.  Miihlenbergiiy  Watson.*     (P.  amphibiam,  var.  terrestre,  in  Manual. ) 
Polygonum. 
Common,  or  abundant,  throughout  the  state. 

P.  Hartwrightii,Gray.t        Polygonum. 

Minneapolis  (common),  Arthwr;  Blue  Earth  county.  Leiberg;  Emmet  county,  Iowa 
(common),  CraUy.    Probably  common,  or  frequent,  throughout  Minnesota. 

P.  Virgiuianiun,  L.       Polysronum. 

Lapham,      Ht.  Croix  river.  Parry;  Blue  Earth  county,  Letherg.      South. 

P.  articulatam,  L.       Jointweed. 

Sandy  barrens,  St.  Croix  river.  Parry;  New  Ulm,  Juni;  Minnesota  Point,  near 
Duluth  (plentiful),  Roberts,   [Upper  Missouri  river,  Geyer.] 

P.  avicularey  L.       Knotgrass.    Ck>ose-gra88.    Door-weed. 
<?ommon  throughout  the  state. 

*P0LTO0NUU  MuHLEKBBRon,  WatsoD.  Perennial,  in  muddy  or  dry  places,  often 
2  or  3  feet  high,  scabrous  with  short  appressed  or  glandular  hairs,  especially  upon  the 
leaves  and  upper  stems ;  leaves  thin,  rather  broadly  lanceolate,  long-acumtnate,  usually 
rounded  or  cordate  at  base,  4  to  7  inches  long,  on  short  stout  petioles  (%  to  l  inch  long) 
from  near  the  base  of  the  naked  sheath ;  flowers  and  fruit  nearly  as  in  P.  amphiblum, 
but  spikes  more  elongated  (i  to  3  inches  long),  often  in  pairs.    Proc.  Amer,  Acad,,  xiv. 

tPOLYOONUJf  Habtwbiohth,  Gray.  Strlgose-hirsute  or  glabrous;  stem  erect, 
striate,  bearing  at  the  top  thlcklsh  leaves  which  are  broadly  lanceolate,  acute  or 
somewhat  obtuse  ;  petioles  short;  sheaths  long  with  a  flat  foliaceous  limb,  which  is 
setose-clliate ;  peduncle  erect,  eglandulose,  bearing  a  solitary  dense  cylindrical  spike 
of  rose-colored  flowers  :  stamens  5 ;  style  deeply  cleft :  perigonium  eglandulose.  Proc. 
Amer.  Acad.,  vili. 
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P.  erectunu  L.      (P.  avicalare.  L.,  var.  erectum,  Rotb.)      Erect  EooUmttB. 
Also  ooDimon,  or  frequent :  Winona,  Blue  Earth,  Hennepin  and  Stearns  counties 
etc. ;  Worthington  (eammon).  FooU;  Grookbton,  Grand  Forks,  and  elsewhere  In  the 
Bed  rlTer  valley  (common),  WineheHl;  Pembina,  Havard. 

P  •  ramosissimum,  Michx.       Polygonum. 

Brown  county,  Juni;  Martin  county,  and  Emmet  county,  Iowa  (common),  CraUy; 
common  from  Jackson  county  westward  and  In  the  Red  river  Talley,  Upham.  Sooth 
and  west. 

P.  tenue,  Micbx.       Slender  Knotgrass. 

Lapham,  Lake  Pepin,  MiM  Manning;  rocky  hills.  Mound,  Rock  county.  Lefherff; 
lake  of  the  Woods,  Datmon,      Rare.      South  and  west. 

P.  arifolium,  L.       Halberd-leaved  Tear-thumb. 
Blue  Earth  county,  Oedge .       In  frequent . 

P.  sagrittatum,  L.       Arrow-leaved  Tear-thumb. 

Common  near  Stewart  river  Cnorth  shore  of  lake  Superior),  and  at.  Minneapolis, 
RoherU;  Todd  county,  etc.  (common),  Upham;  Steams  county,  Campbell;  Anoka 
county,  also  New  Ulm,  Juni. 

P.  ConvolvuluSy  L.        Black  Bindweed, 

Common,  or  frequent,  throughout  the  state  :  troublesome  in  fields  of  grain  by  caus- 
ing it,  when  beaten  down  by  wind  and  rain,  to  remain  so. 

P.  cilinode,  Michx.        Polygonum. 

Abundant  north  of  lake  Superior  and  in  Carlton  county,  Juni,  Roberts;  upper  Missis- 
sippi river,  (Harrison;  Steams  county,  Mrs.  BlaUdeU,      North. 

P.  dumetorum,  L.,  var.  seandens,  Gray.       Climbing  False  Buckwheat. 
Common,  or  frequent,  throughout  the  state. 

FAGOPYRUM,  Tourn.        Buckwheat 

F,  e8culentum,'bicBncli.       Buckwheat. 

Occasionally  adventive:  Minneapolis,  and  Dakota,  Nicollet  and  Blue  Earth  counties, 

BUMBX,  L.       Dock.    Sobrel. 

B.  longrifolios,  DC.       Dock. 

Hennepin  county,  HerrieK      Infrequent.       Northwest. 

B.  Britannica,  L.  (R.  orbiculatus,  Gray.)        Great  Water-Dock. 

North  of  lake  Superior  (common  near  Stewart  river),  Bobertt;  St.Grolz  river.  Parry: 
Isanti  county,  Upham;  Stearns  county,  Mrs.  Blaisdell;  Anoka  county,  also  New  Ulm« 
Juni;  White  Bear  lake,  Ramsey  county,  £^6Uey,*lake  Pepin,  Miss  Manning;  Blue  Earth 
county,  Leiberg. 

B.  altissimuSy  Wood.  (R.  Britannica,  L.,  in  Manual.)      Pale  Dock.    Peach- 
leaved  Dock. 
Upper  Mississippi  river,    Oarrison;  Minneapolis,  Kassube;  Cannon  River  Falls, 
Blake,  Sandberg;  lake  Pepin,  Miss  Manning^  Winona  county,  Holzinger;  Blue  Earth 
county,  Letberg;  Emmet  county,  Iowa  (common),  CraUy.      South. 

B.  salicifolius,  Weinman.       White  Dock. 

Hennepin  county,  Herriek;  Kittson  county,  Upham;  Pembina,  Chiekeringt  Havard. 
[James  river,  Dakota,  OeyerJ] 

B.  verticillatus,  L.       Swamp  Dock. 

Upper  Mississippi  river  Garrison:  Isanti  county,  etc.,  Upham;  West  Saint  Paul, 
Miss  Butler;  Blue  Earth  county.  Leiberg;  New  Ulm,  Juni, 
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R.  erispusy  L.        Curled  Dock.    Yellow  Dock, 
CommoD,  or  frequent,  throughout  the  state. 
[R.  ohtvsifoliua,  L.,  will  doubtless  extend  to  Minnesota.] 

E.  safiffuinens,  L.        Bloody-veined  Dock, . 
Gbasluk,  Ganrer  county,  JunU      Bare 

B.  maritinmSy  L.       Golden  Dock. 

Minneapolis,  Roberta.  Upham;  Ghaska,  Garver  county,  Juni;  Blue  Earth  county, 
Leiberg;  Emmet  county^  Iowa,  (rare),  CraUu;  Murray  county,  and  the  Bed  river  ?atiey, 
Upham;  Pemblha,  Havard.      South  and  west 

R.  Acetosella,  L.        Field  or  Sheep  Sorrel.    ''Horse  SorreV 

Common  throughout  the  state ;  plentiful  all  atong  the  north  shore  of  lake  Super- 
tor,  RoOerU,  Juni. 

THTMELEACE^.        Mezebeum  Family. 

I>IRCA,  L.       Lbathbbwood.     Moose-wood. 

I>«  pahistriSy  L.        lieatherwood.    Moose- wood. 

Common  northeastward,  extending  thus  west  to  the  lake  of  the  Woods,  Richardson, 
White  Earth  resenration,  Chirriton,  and  Detroit,  H.B,  Ayres,  and  south  to  the  Kettle 
ri^er,  Shumard,  southeastern  Pine  county,  Upham,  and  St.  Grolx  Falls,  Mi$8  Field; 
frequent,  but  local,  farther  south,  as  near  Minneapolis,  Simmons^  Saint  Paul.  3fi8s 
Cathcart,  Hastings,  Mrs.  Ray,  Faribault,  Mies  Beane,  Blue  Earth  county  (common), 
Leiberg,  New  Ulm,  Juni,  and  near  the  Great  spring,  Beaver  creek,  Caledonia,  Houston 
county,  WincheU. 

ELiEAGNACEiE.        Oleaster  Family. 

SHEPHEBDIA,  Nutt.        Shephbrdia. 

S.  <Janadensi8,  Nutt.        Canadian  Shepherdia. 

From  lake  Winnipeg  to  lake  Superior,  Say,  Sehweinitz;  north  shore  of  lake  Super- 
tor,  Juni ;  Minneapolis  (rare).  If  iss  Butler,      Korth . 

8.  argentea,  Katt.       Buffalo-Berry. 

Balny  lake,  Say,  Sehtoe/fnitz;  upper  Minnesota  rlrer,  Gey^r;  near  Walhalla,  in 
northeastern  Dakota,  ScoU.      Northwest. 

£L^  AGNUS,  L.        Oleaster. 

E.  argentea,  Pursh.*       Silver-Berry. 

Common  from  Ada  northward  in  the  Red  river  valley  (forming  patches  ten  to 
twenty  rods  long  on  the  prairie,  growing  only  about  two  feet  high,  fruiting  plentifully  : 
but  in  thickets  becoming  five  to  eight  feet  high),  and  local  In  section  5,  Eldorado, 
8teTens  county,  Upliam,      Northwest. 

^EuEAONos,  L.  Flowers  perfect.  Calyx -tube  including  the  free  ovary,  the  limb 
eyiindrlc-campanulate  or  tubular  below,  parted  above  into  4  valvate  deciduous  lobes, 
eo  lored  within.  Disk  glandulose.  Stamens  4,  adnate  to  the  calyx  and  alternate  with 
Its  lobes,  the  free  portion  of  the  filaments  very  short;  anthers  obloug.  Style  simple, 
straight;  stigma  l-slded.  Fruit  dnit>e- like,  covered  with  the  thickened  dry  or  fleshy 
closed  calyx-tube ;  the  stone  oblong,  S-strlate.~Trees  or  shrubs,  with  alternate  entire 
petloled  leaves  and  axillary  pedicelled  flowers. 

E.  ABQBNTEA.  Pursh.  A  stolonlfcrous  unarmed  shrub,  6  to  12  feet  high,  the  younger 
branches  covered  with  ferruginous  scales;  leaves  ivi  to  4  Inches  long  and  hU>2%  inches 
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SANTALACEiE.        Sandalwood  Family. 

COM ANBBA ,  Nutt        Bastard  Toad-flax. 

C.  pallida,  A.  DC*       Baatard  Toad-flax. 

Bed  river  valley,  Scott^  determlDed  by  Mr.  Sereno  WcUmti,      West. 

C.  iimbeUata,  Nutt.       Bastard  Toad-flax. 
CommoQ  throughout  the  state. 

C .  li vida,  Richardson.       Bastard  Toad-flax. 

North  shore  of  lake  Superior,  Juni;  Stearns  county,  Mrd.  Blaisdell,  [Isle  Royale 
(common),  Whitney.]      Korth. 

SAURURACEiE.        Lizard's-tail  Family. 

SAURUBTJS,L.       Lizahd's-tail. 

S.  cernuus,  L.       Lizard's-tail. 

Upper  Mississippi  river,  Houghton,       Infrequent. 

CERATOPHYLLACE^.        Hornwort  Family. 

CEBATOPHYLIiUM,  L.       Hornwort. 

C.  demersum,  L.       Hornwort. 

White  Bear  lake,  Ramsey  county,  KeUey;  Jake  Calhoun,  Minneapolis,  Upluim; 
small  lakes  at  the  Plpestoue  quarry  (var.  commune.  Gray,  with  fruit  about  8  lines  long, 
tipped  with  the  stout  straight  style  also  about  3  lines  long,  and  with  a  similar  short 
spine,  2  lines  long,  at  tlie  base  on  each  side),  Mrs  Bennett.  Probably  common 
throughout  the  state. 

CALLITRICHACEJE.        Water-Starwort  Family. 

CAIiLITBICHE,  L.        Watbr-Starwort. 

C-  verna,  L.       Water-Starwort 

Throughout  the  state.  North  of  lake  Superior  (common),  Roberts;  Pembina,  Hao- 
ard;  Cottonwood  county,  Upham. 

[0.  autumnalis.  L..  probably  occurs  also  in  northern  Minnesota.] 

wide,  broadly  or  narrowly  elliptic,  rather  acute  at  each  end,  or  lanceolate  and  undulate, 
silvery-scurfy  and  more  or  less  ferruginous;  flowers  numerous,  deflexed,  silvery  without, 
pale  yellow  within,  fragrant,  3  to  6  lines  long,  the  tube  broadly  oval,  the  limb  funnel- 
form  ;  fruit  [silvery  in  color,  like  the  foliage]  globose-ovoid,  dry  and  mealy,  edible,  4  or 
5  lines  in  length.    Watson^s  Rep.  in  King's  Ei^pl.  of  the  Fortieth  Parallel, 

*CoMANDBA  PALLIDA,  A.  DC.  Stcms  sovcral  from  a  branched  woody  caudex, 
herbaceous,  striate,  erect,  6  to  lo  inches  high,  branching  above ;  leaves  alternate « 
bluish,  somewhat  punctate  on  the  margins,  the  lower  elliptic  oblong,  mucronate-acute, 
8  to  12  lines  long  and  2  to  3  lines  wide,  the  uppermost  usually  linear-lanceolate,  5  to  10 
■  lines  long  and  about  l  line  wide,  sometimes  so  continued  down  the  stem  (forming  var. 
angustifolia) ;  cymes  terminal,  few-flowered ;  bracts  linear-lanceulate,  2  lines  long ; 
flowets  perfect ;  calyx-lobes  erect-spreading ;  fruit  3  lines  in  diameter,  with  subflsshy 
eplcarp.— Flowers  precisely  as  in  C.  ombellata ;  distinguished  especially  by  its  narrowed 
upper  leaves  and  much  larger  fruit.  Watson''s  Rep.  in  King*s  Expl,  of  the  Fortieth 
ParalUl. 
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PODOSTEMACEiE.        River-webd  Family. 

PODOSTEMON,  Michx.       River-wkkd. 

P.  ceratophylluSy  Michx.       River- weed. 
Lake  Pepin,  If  in  Marming  •      Bare. 

EUPHORBIACE^.        Spurge  Family. 

EUPHORBIA,  L.       Spurge. 

£•  polygonifolia,  L        Shore  Sparge. 

Lapham,      Shore  of  lake  Saperior ;  lake  Pepin,  Miss  Manning. 

£•  Geyeri,  Engelm.       Geyer's  Sparge. 

Lapham,  T.  J.  Haie.      Common  at  Minneapolis,  UpTiam,  Simmons. 

!E.  serpyllifoliay  Per8.       Tbyme-leaved  Sparge. 

Minneapolis,  H«rrCefc;  Bine  Barth  coanty,  Leiberg;  Martin  county,  Oedge;  New 
Ulm,  Jiin<;  Murray  eounty,  Upham;  Steams  county.  Mrs,  BlaisdsU;  Pembina,  Havard, 

£•  srlyptospenna,  Engelm.        Sparge. 

Minneapolis,  Herr(ck;  Saint  Cloud,  Campbell;  Red  river  Talley,  Scot£. 

E.  maculata,  L.       Spotted  Sparge. 

Common  ttarougH  the  south  half  of  the  state  and  perhaps  northward. 

!E.  biimlAtrata,  Engelm.       Sparge. 

Minneapolis,  Roberts;  Winona  county,  Holzinger;  Martin  county,  Oedge,      South . 

E.  bypericifolia,  L        Spurge. 

Waste,  dry  places.  St.  Croix  river.  Parry;  Minneapolis,  Roberts;  lake  Pepin,  Miss 
Manning;  Winona  county,  Hobsinger;  Blue  Earth  county,  Leiberg.      South . 

!E.  marginata,  Parsh.       White-margined  Spurge.    '^  Moautain  Snow." 

Frequent,  of  ten  common,  southwestward ;  extending  northeast  to  Redwood  Falls 
(found  to  be  poisonous  to  the  touch,  even  in  mounting  dried  specimens),  Miss  Butler;  in 
Lyon  county  becoming  a  common  weed  in  cultivated  fields,  Upham. 

E.  corollata,  L.       Flowering  Spurge. 

Frequent,  often  common,  through  the  south  half  of  the  state. 

E.  beterophylla,  L.       Sparge. 

spirit  lake,  Minnesota  river,  etc.,  Oeyer;  Blue  Earth  county,  Leiberg,  Oedge ;  Min- 
neapolis, Tiotning,  A.  W.  Jonef;  Goodhue  county,  Sandberg;  lake  Pepin.  Miss  Man- 
ning.       South. 

E.  dfetyosperma,  Fischer  &  Meyer.       Spurge. 
Rock  county,  Leiberg.      Southwest. 

E.  CyparissiaSy  L. '       Garden  Spurge. 

Adventlve :    Mankato,  Leiberg;   Goodhue  county,  Sandberg;   lake  Pepin,  Miss 
Manning. 

[E.  commutata,  Engelm.,  should  be  looked  for  in  this  state.] 

ACAIiYPHA,  L.       Threb-beedbd  Mbrcurt. 

A.  Vlrginica,  L.       Three-seeded  Mercury. 

Minneapolis;  Roberts;  Blue  Barth  county,  Leiberg ;  lake  Pepin,  Miss  Manning  > 
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EMPETRACEiE.        Cbowberry  Family. 

EMPETBUM,  Toum.       Cbowbbbrt. 

E.  nignrum,  L.        Black  Crowberry. 

North  shore  of  lake  Superior,  Maeoun ;  doabtless  In  aorthem  Minnesota. 

URTICACEiE.        Nettle  Family. 

UIiMU8,L.        Elm. 

U.  ihlva,  Michx.        Slippery  or  Bed  Elm. 

Frequent,  often  oommon,  throughout  the  itate,  excepting  far  northward.  Well 
known  for  Its  mucilaginous,  mediolnai  inner  bark;  the  reddish  wood,  used  for  ox-yokes, 
posts,  etc.,  is  strong,  light  and  durable. 

U.  Americana,  L.       White  Elm.    Amercian  Elm.    Water  Elm. 

Common  throughout  the  state ;  but  not  found  close  to  the  shore  of  lake  Superior. 
Wood  tough,  often  used  for  axe- helves,  whip-8toeks,etc.;  our  most  desirable  tree  for 
transplanting  for  ornament  and  shade.  This  and  basswood  are  the  most  abundant  trees 
in  the  Big  Woods. 

U.  racemosay  Thomas.       Corky  White  Elm.    Rock  Elm. 

Frequent,  often  common,  eastward  ;  extending  west  to  Blue  Barth  county,  Leiberg, 
Nicollet  county,  Ailton^  New  Ulm  (common),  Juni,  and  the  upper  Mississippi  river, 
QarriMon,   Wood  drier  than  the  last  and  more  valuable ;  much  used  by  wheelwrights. 

CELTISy  Touru.        Nbttlb-tbbb.    Eackbebbt. 

€•  ocddentalis,  L.       Sugarberry.    Hackberry. 

Frequent  through  the  south  half  of  the  state ;  rare  and  local  northward,  as  at  the 
east  side  of  Mille  Lacs  and  at  lake  Alexander,  Upham;  near  lake  Lida,  Otter  Tail 
county,  Frcaee;  on  the  Red  river  in  Olay  county ;  at  Red  Lake  Falls ;  on  the  upper 
Mississippi ;  and  on  the  Big  Fork  of  Rainy  Lake  rtver,  in  T.  149,  R.  2S,  ^HineheOwood. 
[Also  at  Eagle  lake,  north  of  Rainy  lake.  Bell,  Macoun;  and  in  northeastern  Dakota, 
Scott] 

MOBUS,  Toum.       Mdlbkbbt. 

M.  rubra,  L.       Bed  Mulberry. 

Big  Woods,  WincheU;  Houston  county,  J.  8.  Harris,  [West  to  Dakota,  Sargent, 
and  eastern  Nebraska,  Avghey.]      Infrequent.      South. 

UBTICA,  Toum.       Nettle, 

U.  flrracilis,  Ait.       Tall  Wild  Nettle. 
Common  throughout  the  state. 

U.  dioicot  L.        Great  Stinging  KettU. 

Upper  Mississippi  river,  Ganison;  lake  Pepin,  Miss  Manning.      Rare. 

liAPOBTEA,  Gaud.        Wood-Nettle. 

£i.  GauadeusiSy  Gaud.        Wood-Nettle. 

Common  through  the  south  half  of  the  state  and  in  the  Red  river  valley ;  enendiag 
northeast  to  the  upper  Mississippi  river  and  Roseau  river.  **  It  Is  of  this  plant  the 
Indians  usually  make  their  llshing  lines,  the  rotted  remains  of  the  previous  year^ 
growth  furnishing  an  abundant  supply."   Parry. 
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PIIiEA,  Lindl.       Richwebd.    Clearwbbd. 

P.  pumila,  Gray.       Richweed.    Olearweed. 

St.  Croix  rlTer,  Parry;  Minneapolis,  Simmons;  lake  Hionetonka  (common),  Roberts; 
Blue  Earth  coaaty,  Leiberg;  Fergus  Falls,  Leonard,      South . 

BCEHMEBIA,  Jaicq .        False  Nettlb. 

B.  cylindrica,  Willd.  '     False  Nettle. 
Lapham.    Fergus  Falls,  Leonard.      Infrequent. 

PABIETABIAy  Toarn.       Pbllitobt. 

P.  Penusylvauica,.Muhl.       Pellitoiy. 

Minneapolis  (presenting,  besides  the  type,  a  larger  and  much  branched  form),  Ber^ 
rfcfc,  Simmons;  Blue  Earth  county,  Leiberg;  and  northwest  to  the  upp3r  Missouri  and 
Saskatchewan  rivers.      Infrequent.      South  and  west. 

CANNABIS,  Touro.       Hemp. 

C.  Mtha,  L.        Hemp, 

A  common  or  frequent  weed. 

HUMUIiUS,  L.       Hop. 

H.  liUpuluSy  L.       Common  Hop. 

Common,  especially  northward ;  **natiTe  on  all  the  tributaries  of  the  upper  Missis- 
Ippi,"  Parry, 

PLATANACEJE.  Plane-tree  Family. 

PLATANUS,  Toum.       Plane-tbbb.    Buttokwood. 

P.  occidentalis,  L.       American  Plane-tree.    Buttonwood.    Sycamore. 

Iiapham,  Southeast,  rare.  The  northwest  limit  of  this  species  scarcely  entera 
Minnesota. 

JUGLANDACEiE.        Walnut  Family. 

JUOIiAKS^  L.       Walwut. 

J.  ciuerea,  L.       Battemnt.    Oil-nut.    White  Walnut. 

Common  southward,  but  absent  far  southwest ;  extending  north  to  the  Snake  rirer 
m  Fine  and  Kanabec  counties.  Norwood,  Upham,  and  on  the  Mutlssippl  river  to  the 
north  line  of  Aitkin  county.  Oarrison.  Wood  Taluab!e  for  cabinet  work  and  in  house* 
building  for  inside  finishing 

J.  nisrra,  L.       Black  Walnut. 

Frequent  in  the  south  part  of  the  state ;  extending  north  to  Nlninger,  Dakota 
county,  southern  Seott  and  Carver  counties,  and  to  Walnut  OroTC  in  the  south  edge  of 
Bed  wood  county.  Because  of  the  great  value  of  its  lumber,  nearly  all  the  black  wai> 
nut  of  large  size  in  this  state  has  been  cut ;  but  much  of  young  growth  remains. 

CARTA,  Nutt.        HiCKORT. 

€•  slba»  Nutt.       Shell-bark  or  Shag-bark  Hickory.     '*  Walnut/* 

(>>mmon,  or  frequent,  in  Houston  county;  extending  north  into  Winona  county  at 
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If»a8t  to  WlDona  and  Stockton,  and  west  (rare)  into  Fillmore,  Mower  and  Freeborn 
oountles,  to  Moscow,  WlneheU;  near  Wearer  and  Kellogg,  Wabasha  county,  and  near 
Chatfield,  on  the  south  line  of  Olmsted  county,  W.  D.  HwrltnU.  Southeast.  **  Timber 
very  Taluable,  used  wherever  great  durability,  strength  and  elasticity  are  required. " 

C.  porcina,  Natt.       Pig-not  or  Broom  Hickory. 

Lapham,  Southeastward,  extending  north  to  Snake  river,  Clark;  near  lake  Pepin 
on  the  Wisconsin  side,  Mr$.  Ray, 

C  amara,  Natt.       Bitter-nat  <hr  Swamp  Hickory. 

Common,  or  frequent,  southward  ;  extending  through  the  Big  Woods,  and  north  to 
Mille  Lacs,  and  sparingly  to  the  upper  Mississippi  rtver,  and  to  Whlteface  riyer, 
tributary  to  the  St.  fjouis  rirer.  This  species  furnishes  nearly  all  the  hoop-poles  for 
flour- barrels  cut  in  the  southern  and  central  portions  of  the  state. 

CUPULIFERiE.       Oak  Family. 

QUUBCUS,  L.        Oak. 

Q.  alba,  L        White-Oak. 

Frequent,  or  common,  in  the  southeast  and  central  parts  of  the  state  ;  extending 
north  to  Fond  du  Lac,  Clark,  Savannah  river,  and  Squagemaw  lake,  WiMhelU  and  to 
Pokegema  falls,  Pemidji  lake  (plentiful  in  many  places  on  the  upper  Mississippi  riyer), 
and  the  White  Earth  reservation,  Garrison,    **  Strong,  durable,  and  beautiful  timber." 

Q  •  Stellata,  Wanff.     (Q.  obiusiloba,  Michz.)         Poet-Oak.     Rough  or  Box 
Whit€-Oak. 
Upper  Mississippi  T\yer,Houohton.      Infrequent. 

Q.  macrocarpay  Micbx.  Bur-Oak.  Over-cup  or  Mossy-cup  White-Oak. 
Common,  or  abundant,  throughout  the  state,  excepting  far  northeastward.  Its 
northeastern  limit  north  of  lake  Superior,  according  to  Bed,  is  near  the  international 
boundary;  but  he  states  that  it  attains  a  good  size  on  the  Rainy  river  and  thenee 
westward.  (**In  going  west,  this  species  is  first  met  with  at  the  east  end  of  Eagle  lake" 
[north  of  Rainy  lake],  Macoun,)  Timber  valuable,  similar  to  that  of  white  oak. 

Q .  bicolor,  Willd.       Swamp  White-Oak. 

Frequent  in  Benton,  Mllle  Lacs  and  Morrison  counties,  and  thence  north  to  lake 
Wlnnlbigoshish  and  the  White  Earth  reservation,  Oarri9on, 

Q.  Muhlenbergrii)  Enirelm.  (Q.  Prinafl»  L.,  var.  acuminata,  Michx.)       Yel- 
low Chestnut- Oak. 
Lapham.      Southeast. 

Q.  tinctoria,  Bartram.  (Q.  coccinea,  Wang.,  var.  tinctoria,  Gray.) 
Black  Oak.  Quercitron  or  Yellow- barked  Oak. 
Common,  or  abundant,  southward;  extending  north  to  Pine  county,  Upham,  and 
to  Pokegama  falls  and  the  White  Earth  reservation,  Oairrison;  the  most  abundant  spe- 
cies of  oak  in  the  southeast  part  of  the  state.  This  species  and  the  bur  oak  vary  from 
20  to  50  or  eo  feet  in  hight,  according  to  their  situation  and  soil ;  besides  which,  each 
occurs  frequently  dwarfed,  growing  as  scrubby  brush  from  8  to  10  feet  high. 

Q.  coccinea,  Wang.       Scarlet  Oak. 

Upper  Mississippi  river,  Garrison;  *'ln  Minnesota  (Engelmann),"  Sargent, 

Q.  coccinea,  Wang.,  var.  amblgrua.  Gray.       Gray  Oak. 

Prairie  river,  attaioiog  a  hight  of  60  feet  and  diameter  of  10  inches,  Clark;  White 
Earth  reservation,  Garrison.      North. 
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Q.  rubra,  L.       Red  Oak. 

Occasional  southward,  aud  north  to  the  upper  Mississippi  river,  Qeyer,  Gcwrison; 
eontlnulDg  on  the  north  side  of  )ake  Superior  to  the  Kaministiquia  river,  BeU,  Macow^ 

In  autumn  the  leaves  of  the  black  and  red  oaks  ehanxe  to  red  and  crimson  colors ; 
while  the  foliage  of  the  white  and  bur  oaks  changes  only  to  dull  green,  gray  aud  brown. 
At  the  same  time  the  leaves  of  the  sumachs  and  red  maple  become  red  or  scarlet ;  of 
the  sugar  maple,  yellow ;  and  of  bass,  box-elder,  ash  trees,  elms,  poplars,  and  cotton- 
wood,  various  shades  of  brown  and  yellow. 

Q.paliistris,  DaRoi.       Swamp  Spanish  Oak.    Pin  Oak. 
Lapham .       Upper  Mississippi  river,  (hirriBon . 

ISargent  and  Bell  have  mentioned  Minnesota  as  a  western  limit  of  the  American 
beech  (Fagus  ferruglnea,  Ait.)*  but  it  probably  does  not  extend  into  this  state.J 

COBYLUS,  Tonm.       Hazel-nut.    Filbert. 

C.  Americana,  Walt.       Common  Wild  Hazel-nut. 
Common,  in  many  districts  abundant,  throughout  the  state. 

C.  rostrata.  Ait.        Beaked  Hazel-nat. 

Common  northward ;  extending  south  to  Benton  eounty  and  Spruce  Hill,  Douglas 
county,  Upham;  rare  and  local  farther  south,  as  on  rocky  bluffs  in  southeastern  Wmona 
county.  Winchell.  Jvni  says  of  this  species  north  of  lake  Buperior :  *'In  some  places 
the  bushes  reach  a  hight  of  fifteen  feet,  with  stems  from  one  to  one  and  a  half  ioches  in 
diameter.  The  tops  bend  over  from  the  weight  of  the  fruit." 

OSTBYA,  Micheli.       Hop- Hornbeam.    Iron-wood. 

O.  Yirsrinicay  Willd.       American  Hop-Hornbeam.  Iron-wood.  Lever-wood. 
Common,  often  abundant,  throughout  the  state ;  but  not  close  to  the  shore  of  lake 
Superior. 

CABPINUS,  L.       Hornbeam.    Ibonwood. 

€•  Caroliniana,  Walt.   (G.  Americana,  Michz.)       American  Hornbeam. 
Blue  or  Water  Beech. 

Common  through  the  south  half  of  the  state ;  extending  north  to  Pine  county  and 
Sandy  lake,  Clark,  the  Savannah  portage,  WincheU,  and  White  Earth  reservation, 
OarriMn.  *'  Wood  of  this  and  the  preceding  tough  and  durable ;  used  for  wedges, 
levers,  &c." 

MTRICACEiE,        Sweet-Gale  Family. 

MYBICA^  L        Batbbrrt.    Wax-Mtrtle. 

M.  Gale,  L.       Sweet  Gale. 

Common  on  lake-shores,  along  the  international  boundary,  between  lake  Superior 
and  Rainy  lake,  WineheU.      North. 

COMPTONIA,  Solander.       Sweet-Fbrw, 

C.asplenifoliay  Ait.        Sweet-Fern. 

Frequent  northeastward;  extending  south  to  Snake  river  in  southeastern  Pine 
county,  Upham,  and  southwest  to  Cass  lake,  Schoolcrctft;  it  also  (aeurs  at  Jacob  8tre1tz*s 
quarry  in  section  28,  Saint  Cloud,  Upham,  and  near  Excelsior.  Hennepin  county,  Mrs, 
Terry. 
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BETULACEJE.        Bibch  Family. 

BETULA,  Toani.       Birch. 

[B.  lenta,  L.  (cherry  bircb,  sweet  or  black  blreb)  possibly  extends  west  to  northern 
Minnesota.  Dr.  BeU  mentions  this  state  as  Its  northwestern  UmlL  Some  of  the  more 
northern  references  under  B.  nigra  may  belonje  instead  to  this  species.] 

B*  lutea,  Michz.  f.        Yellow  or  Gray  Birch. 

Common  through  the  north  half  of  the  state  and  south  to  Sherburne  county,  reaeb- 
Ing  a  bight  of  TBfeet  and  diameter  of  8  or  4  feet ;  rare  in  the  Big  Woods,  and  south* 
east  to  Houston  county,  WinchelU  "  The  49th  parallel  forms  the  average  northern 
limit  of  this  species  from  Newfoundland  to  the  Red  river  Talley»  In  which  it  curves 
round  and  runs  southward."   BeU, 

B,  papyracea,  Ait.        Paper  or  Canoe  Birch.    Silver  Birch. 

Common,  often  abundant,  through  the  north  half  of  the  state,  attaining  an  equal 
size  with  the  preceding ;  also  common,  but  much  smaller,  southeastward  near  the  Mis- 
sissippi river ;  thence  extending  west,  less  frequent,  to  the  Big  Woods,  and  to  Birch 
Oooley  (plentiful),  Renville  county ;  absent  southwestward ;  "found  along  the  Asslni- 
bolne  valley  as  far  west  as  the  Qu'Appelle  lakes,"  BeU.  '*  The  bark  of  this  tree,  to- 
gether with  that  of  the  Arbor-vitse,  Is  made  use  of  in  innumerable  ways  by  the  Indians." 
Roheru. 

B.  niin^,  L.        River  or  Red  Birch. 

Savannah  portage,  DrntgloBa;  White  Earth  reservation.  Garrison;  Kettle  river, 
Shumard;  Blue  Earth  county,  NieolUt;  Winona  county,  Holzinger;  abundant  along  the 
Mississippi  bottoms  at  least  as  far  north  as  Minneiska,  Wabasha  county,  Winchell, 
Southeast. 

B.  pumlla,  L.       Low  Birch.    ''Tag Alder/' 

Common  through  the  north  half  of  the  state,  and  south  to  tf  inneapolls  and  Saint 
Paul :  less  frequent  or  rare  farther  south,  to  lake  Pepin,  Miss  Mannina,  and  Olmsted 
county,  BarringUm. 

B  •  srlandulosa,  Michx«       Dwarf  Birch. 

Savannah  river,  Houghton;  north  shore  of  lake  Superior,  Juni,  WinchtU;  ridge  east 
of  the  Red  river,  SeotU      North . 

AliNUS,  Tourn.       Alder. 

A.  TiridiSy  DC.       Green  or  Mountain  Alder. 

North  of  lake  Superior  (common),  Juni,  RoherU,      North. 

A.  incana,  Willd.,  var.  grlauca,  Regel.       Speckled  or  Hoary  Alder.    Black 
Alder. 
Common,  or  frequent,  through  the  north  half  of  the  state,  and  southeastward  to 
Minneapolis;  less  frequent  thence  southeast ;  rare  southwestward. 

A.  serrulata,  Ait.       Smooth  Alder. 
Laphanit  WineheU,       Rare.      Southeast. 

SALICACE J:.        Willow  Family. 

SALIX,  Toum.       Willow.    Osibr. 

S.  Candida,  Willd.       Hoary  Willow. 

Throughout  the  state,  excepting  far  southward.   Bogs,  St.  Croix  river,  Patry;  Mtn- 
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neapolis,  Kanubt;  Blue  Eartli  ooanty,  Leibergi  New  Ulm.  Junis  north  of  lako  Buperlot^ 
Agatslz;  upper  Miniwlppl  river,  Gforrteon;  Ked  rlrer  Tailey,  Macoim.  ' 

8.  tristis.  Ait.       Dwarf  Ghmy  Willow. 

iMpham.     MlDoeapolto,  Winehellt  Blae  BartU  eounty,  LeQ>erg;lL$k»  Olty, Mt$,  Ben/. 

8.  hiunilis,  Marsball.       Prairie.  Willow. 

BlueBftrtlioounty,X«ei{>er9,  Upham;  frequent  In  Bmmet  county,  Iowa,  CrcMi/; 
abundant  near  the  Mlasiselppi  river,  on  dry,  sandy  land,  especially  in  openings*  of 
woods,  from  lake  Pepin,  AffM  Mcmning,  Mrs.  Ray,  and  Ramsey  county,  north  at  least 
to  Brainerd  (usually  only  about  one  foot  high,  agreeing  best,  excepting  in  habitat, 
with  Qray's  description  of  H.  tristis),  Uplutm;  north  of  lake  Superior,  Ag<u9tz,  Proba- 
bly throughout  the  stated    '  ' 

8.  discolor,  Mahl.       Glauooas  Willow.    Pussy  Willow. 
Common,  or  frequent,  throughout  the  state. 
[9.  sericea,  Marshall,  probably  oocurs,  but  infrequently,  in  Minnesota.] 

S.  petiolaris,  Smith.*       Petioled  Willow. 

Freeborn  county  (frequent),  Upham.  Probably  our  prevailing  form  of  this  species 
is var.  GBACiU8» Anders.  (If.  S, Bebb.) 

S,  purpurea^  L,        Purple  Willow. 
Minneapolis,  SimmanM,      Infrequent. 

8.  cordata,  Mubl.       Heart-leaved  WOlow. 
Common,  or  frequent,  throughout  the  state. 

8.  cordata,  Mubl.,  var.  angrustata.  Gray. 

steams  county,  Qarri»on.  [North  of  lake  Superior,  Agaasiz;  Nebraska  (comihon), 
Aughey.'\ 

8.  balsamifera,  Barratt.t  (S.  pyrifolia,  Anders.;  see  notes  by  Jf.  S,  Behb  in 
Botanical  OazetU,  vol.  iv,  p.  190.)       Balsam-bearing  Willow. 
Bed  river  valley  near  Saint  Vincent,  Bttrgesg^Macoun,      North. 

^SAUXPETioiJkBis,  Smith,  var.  obacii.i0.  Anders.  Female  aments  gracefully 
snbpendulous,  at  length  somewhat  leafy-pednncled,  very  loosely  flowered ;  scales  Un- 
gulate, apex  brownish ;  capsules  long  acute-rostrate  from  an  ovate  base,  thinly  silky, 
or  somewhat  glabrous,  very  long-pediceled  ;  pedicel  nearly  eight  times  the  length  of 
the  nectary;  style  very  short ;  stigmas  2-parted,  fuscous,  spreading ;  leaves  narrowly 
lanceolate-linear,  serrulate,  about  2  inches  long  and  2  to  4  lines  wide,  pale  and  subglau- 
eous  beneath,  both  sides  at  length  glabrous.  Varies:  1st,  sertcocarpa ;  capsules  nar- 
rowly conical,  2H  lines  long,  thinly  silky.  2d,  leiocarpa ;  capsules  thick  at  base,  green- 
ish red.   AvAersson  in  DO,  Prod,,  16, 2, 235 ;  translated  by  M.  8.  Bebb. 

tSAux  BALaAMivxBA,  Barratt  A  glabrous,  much  branched  shrtfb,  4  to  8  feet 
high ;  twigs  crimson  where  exposed  to  the  sun ;  leaves  ovate,  abruptljr  pointed,  1  inch 
wide  by  m  inches  long^  on  sterile  shoots  oblong-lanceolate,  m  inches  wide  by  8  to  4 
Inches  long,  all  rounded  or  subcordate  at  base,  very  thln/afad  slightly  hairy  beneath 
when  young,  rigid,  glabrous;  and  prominently  reticulate-vefted  when  mature,  bright 
jTcen  above,  paler  or  glaucous  beneath,  margin  finely  glandular-serrate;  petioles 
blender,  %  Inch  long ;  stipules  minute,  caducous :  aments  with  a  few  leaf-like  bracts  at 
base,  the  male  densely  flowered,  very  silky,  female  less  so  and  beceming  very  lax  in 
fruit,  bracts  often  more  leafy ;  scales  pale  or  rosy ;  capsules  elongate-conical  or  rostrate 
from  a  thick  base,  2  or  ST  lines  long,  glabrous,  the  long  pedicels  six  to  eight  times  Che 
length  of  the  nectary ;  style  rather  short,  bifld ;  lobes  of  the  stigma  thick,  spreading, 
emarginate.  *'No.  68,  Herb.  H.,  B.  and  T."  (v.  s.  in  h.  Torr.)  S.  cordata,  MuhL,  var. 
balsamifera.  Hook.,  FL  Bon-Am,,  2, 149.  S.  pyrifolia,  Anders.,  DC.  Prod.,  16, 2, 264.—* 
White- mountains  of  N.  H.,  Pringle;  New  Brunswick.  FowUr:  and  Labrador,  AUon; 
westward  to  the  Saskatchewan.  Beadily  distinguished  from  S.  cordata  by  the  very 
loosely  flowered  fertile  aments,  often  two  inches  or  more  long  in  fruit,  thicker  and  more 
yellowish  stamlnate  aments,  and  the  proportionately  breader  and  shorter  Amelanchier- 
llke  leaves.  M,  8,  Bebb,  M88. 
9F 
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S.  ro8trata,  Richardson.    (S.  livida,   Wah).,  var.  occidentali?.  Gray.) 
Beaked  Willow.    Livid  Willow. 
Common  tbroaghout  the  state. 

S.  lucida,  Muhl.        Shining  Willow. 
Common,  or  freqaent,  throughout  the  state. 

S.  nigrra,  Marshall.        Black  Willow 

Throughout  the  state :  frequent  northward,  common  southward.  This  and  the  next 
are  our  only  natlye  species  of  willow  that  become  trees,  the  others  being  shrubs. 

S.  amygrdaloides,  Anders.*        Almond-leaved  Willow. 

Red  river  and  eastward,  Behb;  probably  frequent  throughout  the  state. 

S.  fragilis,  L.  X  alba,  L.        White  Willow, 

Occasionally  spontaneous ;  much  cultivated,  especially  on  the  prairies,  for  shade 
and  protection  from  the  wind.  Timber  culture ,  of  this  tree,  red  and  sugar  maple,  box- 
elder.  Cottonwood,  Lombardy  poplar,  and  other  species,  is  being  begun  extensively  in 
the  prairie  region,  chiefly  for  the  rewards  provided  by  laws  of  the  state  and  United 
Slates  governments.  The  white  willow  is  welt  adapted  to  yield  fuel,  as  it  grows  rap- 
idly, and,  when  cut  down,  shoots  up  vigorously  anew  from  the  stump.  In  good  soil, 
with  good  care,  probably  ten  acres  of  this  willow  would  supply  an  average  household 
with  flre-wood  continually. 

M.  S,  Bebh  regards  this  "white  willow,"  commonly  planted  (by  cuttings)  for  screens, 
as  a  hybrid  of  8,  fragtUa  and  S.  alba,  being  apparently  the  form  named  S./raoUis,  L., 
var.  Ru88elHanat  Carey,  in  Gray's  Manual.  Mr.  Bebb  writes  :  **Among  the  varieties 
cultivated  throughout  the  Northwest,  I  have  seen  no  genuine  S.  alba.  In  one  form, 
S.fraoUisXalba,  var.  {c.)veatUa,  Wlmmer  {S.  poltistrfe,  Host.X  the  leaves  approach 
very  near  to  8.  alba,  var.  rrsrulea,  but  the  flowers  are  different.  Much  the  more  com- 
monly planted  form  is  if.  fragiUB  X  alba,  var.  (b*)  glaJtra,  Wlmmer  (exactly  <$.  execUior, 
Host. ;  8,  viridis,  Fries,  when  the  under  surface  of  the  leaf  is  pale  green)." 

S.  longrifolia,  Mahl.       Lon^-leaved  Willow.    Sand-bar  Willow. 
Common  throughout  the  state.  • 

S.  myrtilloides,  L.        Myrtle  Willow. 

Frequent  northward,  rare  southward.  Swamps,  St.  Croix  river,  Parry!  north  of 
lake  Superior,  AgasaiZi  Kanabec  and  Benton  counties,  Upham;  Dell  wood,  White  Bear 
lake,  Ramsey  county,  KeUey;  Minneapolis,  Kaswhe;  near  Eagle  lake.  Blue  Earth 
county,  Ldberg;  Emmet  county,  Iowa  (rare),  CraUy. 

POPULUS.Tonrn.        Poplar.    Abpbsk. 

P«  tremuloideSy  Michx.        American  Poplar  or  Aspen. 

Common,  or  abundant,  throughout  the  state,  eapeclally  northward.  Wood  of  this 
and  the  next  is  valuable  for  paper- making. 

P.  grandidentata,  Michx.        Larf^- toothed  Poplar  or  Aspen. 

Common,  or  frequent,  throughout  most  of  the  state ;  excepting  the  southeastern 

*Salix  amyqdaloidbb,  Anders.  Leaves  broadly  lanceolate,  8  to  6  Inches  long.  % 
to  i\i  Inches  wide,  with  a  long  tapering  point,  glaucous  beneath,  closely  serrate,  petioles 
long  and  slender,  stipules  minute  and  very  early  deciduous  :  aments  leafy-peduncled, 
elongated -cylindrical,  pendulous ;  the  fertile  when  in  fruit  lax,  3  to  4  Inches  long,  li  inch 
thick  :  scales  in  the  male  ament  ovate,  villous  with  crisp  hairs,  in  the  female  narrower, 
somewhat  smooth,  fugacious  :  capsules  globose-conical,  glabrous,  loug-pedicelled ;  style 
very  short  or  obsolete,  stigmas  notched.  .  .  .  In  aspect  very  unlike  S.  nigra  [like  which, 
this  species  attnins  a  tree-like  size],  and  In  fact  more  frequently  mistaken  for  S.  lucida. 
The  broad  leaves,  being  supported  by  long  and  slender  petioles,  are  moved  by  the 
slightest  breeze,  displaying  in  rapid,  fluttering  succession  their  conspicuous  white 
under  surfaces,  thus  producing  an  effect  in  striking  contrast  with  the  changeless,  soft 
light  reflected  from  masses  of  the  foliage  of  S.  nigra  when  swayed  gently  by  the  wind. 
Bebb  in  Wheeler*8  Report  of  Surveys  west  of  the  One  Hundredth  Meridian. 
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Dties  and  far  northward,  where  it  occurs  sparingly,  and  south  westward,  where  it 
Is  absent. 

P.  monilifera.  Ait.  (Induding  P.  angulata,  Ait.)       Cottonwood.    Neck- 
lace Poplar. 

Common,  or  frequent,  through  the  south  half  of  the  state;  rare  farther  north; 
reaching  Its  northern  limit  In  southeastern  Fine  county,  the  region  of  the  upper  Missis- 
sippi, HouglUon,  White  Earth  reservation,  Oarrisont  and  Red  Lake  Falls  and  the  Bed 
ri?er  valley.  Upham.  '*  Large  trees  occur  along  the  Assiuiboine  river,"  BelU  **  Exten- 
sively planted  for  shelter  and  fuel .  The  cotton  from  the  seeds  proves  a  source  of  much 
annoyance  to  the  tidy  housewife.  If  only  male  trees,  those  with  reddish  tassels,  were 
planted,  no  cotton  would  be  produced.  Both  kinds  of  tassels,  the  green  and  the  red, 
appear  In  spring  before  tOe  leaves  come  out.'*   Arthur. 

P.  balsamifera,  L.       Balsam  Poplar.    Tacamahac. 

Common,  or  frequent,  through  the  north  half  of  the  state  ;  extending  southwest  to 
Cannon  river  (rare),  Sandherg,  Osakis  lake,  Upham,  and  Fergus  Falls,  Leonard, 

P.balsainileray  L.,  var.  candicans.  Gray.       Balm  of  Gilead. 

Frequent  northeastward  ;  extending  southwest  to  southeastern  Pine  county.  Little 
Falls,  and  White  Earth  reservation. 

P.  dikUata,  Ait.         Lombardy  Poplar, 

Spontaneous,  Mankato,  Ltiherg,  [Stiff  spiry  tree,  with  closely  appressed  branches, 
and  small  broadly  triangular  pointed  leaves ;  formerly  much  planted.  Qray*%  Field, 
Forest,  and  Garden  Botany.] 

P.  a76a,  L.        White  Poplar.     Silver-leaf  Poplar.    Abele,    Abel-tree. 

Cultivated,  and  thence  sometimes  spreading  spontaneously,  in  Martin  county, 
CraUy.  [Tree  planted  from  Europe,  with  spreading  branches,  roundish,  slightly  heart- 
shaped  wavy-toothed  or  l(»bed  leaves  soon  green  above,  very  white  cottony  beneath  ,* 
buds  not  glutinous  :  spreads  inveterately  by  the  root.  Gray's  Field,  Forest,  and  Gar- 
den Botany.} 

CONIFERS.        Pine  Family. 

PINUS,  Toum..  Link.        Pime. 

P.  Banksiana,  Lambert.  *'Jack  Pine.''    Gray  or  Northern  Scrub  Pine. 

Banks*  or  Banksian  Pine.  Black  Pine. 
Common  northeastward  ;  abundant  on  sandy  land  In  the  region  of  the  upper  Missis- 
sippi and  Crow  Wing  rivers,  from  Bralnerd  and  Wadena  northward  ;  having  its  south- 
west limit  at  the  St.  Croix  and  Snake  rivers,  Princeton,  Brockway  (Stearns  county), 
Stowe  and  Oak  Valley  (ton  miles  south  of  Wadena),  in  the  White  Earth  reservation,  and 
at  the  lake  of  the  Woods  and  on  iloseau  river.  This  species,  almost  alone, but  with  red 
pines  here  and  there  sparingly  Intermixed,  forms  thick  woods  at  many  places  In  Cass, 
Wadena  and  Crow  Wing  counties,  as,  for  example,  at  Bralnerd,  growing  very  straight 
and  slender,  40  to  60  feet  In  bight,  but  seldom  exceeding  a  foot  in  diameter.  Its  coarse, 
resinous  wood  is  excellent  fuel,  but  it  Is  not  adapted  to  building  purposes.  Many  rail- 
road ties  are  made  from  this  and  the  next  species  of  pine,  but  are  inferior  In  value  and 
durability  to  those  of  bur  oak,  which  are  more  used  in  this  way.  Often  Ave  ties,  each 
eight  feet  long,  are  obtained  from  a  single  Jack  pine.  Karely  this  tree  attains  a  bight 
of  eighty  feet,  one  of  this  size  being  found  by  Profcusor  Winchcll  on  Brule  mountain, 
north  of  lake  Superior,  [this  tree  grows  sixty  to  seventy  feet  high  in  northern  Michi- 
gan ( Wheeler  and  Smith's  Cataloow,  and  Bulletin  of  the  Torrey  Botanical  Club,  x,  82) ; 
and  Dr.  Beli  records  it  as  about  seventy  feet  in  hlght  and  two  feet  In  diameter,  In  large 
groves,  on  the  southern  branches  of  the  Albany  river. j 

P.  resinosa,  Ait.        **  Norway  Pine."    Red  Pine. 

Common  or  frequent  northward,  growing  In  groves,  or  scattered,  on  somewhat 
sandy  land ;  not  extending,  in  general,  quite  so  far  southwest  as  the  preceding.    Usually 
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called  "Norway  pine" ;  but  wrongly,  for  this  speeies  is  not  lonnd  In  Norway,  nor  in 
Europe.  It  Is  mostly  from  60  to  75  feet  high,  but  seldom  more  than  about  a  foot  in  dia- 
meter. Clark  reports  that  it  attains  a  bight  of  90  feet  and  diameter  of  20  Inches,  north 
of  lake  Superior.  It  is  considerably  sawn  for  lumber,  and  i»  also  much  used  for  piles, 
as  for  wharves  and  foundations  of  bridge  piers.  In  the  region  ef  the  upper  Mississippi 
this  species  is  reported  by  C^arriaon  as  occurring  tn  two  Tarieties,  which  are  distin- 
guished by  lumbermen  under  the  names  Hard  Norway  pine  and  Bed-barked  Norway 
pine. 

P.  Strobus,  L.       White  Pine. 

Common  through  the  north  half  of  the  state,  excepting  west  of  Bed  lake  and  the 
lake  of  the  Woods ;  preferring  somewhat  clayey  land,  occasionally  making  a  majestic 
forest  without  intermixture  of  other  large  trees,  but  oftener  associated  with  maple, 
elm,  bass,  oak,  ash,  and  other  deciduous  species ;  frequent  along  the  north  side  of  lake 
Superior,  but  forming  no  extensiT<e  pine  forest  on  the  Immediate  shore.  This  is  the 
largest,  as  well  as  the  most  useful,  of  our  trees,  growing  from  80  to  12S,  rarely  ua,»feet 
in  higbt,  and  from  three  to  six  feet  in  diameter.  , 

The  southwestern  limit  of  the  pineries  extends  from  the  north  edge  of  Chisago 
county  westerly  through  Kanabec  and  Mille  Lacs  counties,  the  northeast  coraer  of 
Benton  county,  Morrison  county,  and  northeastern  Todd.connty,  to  Pine  lakes,  Frazee 
City,  and  the  White  Barth  resenration ;  but  only. a  comparatlrely  small  i>art  of  the 
region  northeast  of  this  line  is  coTered  with  pine  woods.  Southeastward,  beyond  this 
limitt  white  pine  occurs  rarely  and  locally  In  the  Tlcinity  of  the  Mississippi,  St.  Croix, 
Cannon,  Zumbro  and  Boot  rivers,  in  most  instances  on  blufEs  of  these  or  their  tributary 
■streams ;  as  at  Saint  Cloud,  Dayton,  Minnehaha  falls.  Pine  Bend,  Taylor's  Falls,  Frani- 
conia  (where  It  was  first  cut  in  Minnesota,  to  any  considerable  extent,  for  lumber),  near 
Cannon  Biver  Falls,  near  Msntonrille,  near  Bochester,  in  section  29,  Saint  Charles, 
Winonacounty,  and  at  various  points  in  Fillmore  and  Houston  counties.   ' 

Mr.  Piatt  B.  Walker,  of  Minneapolis,  editor  of  the  lAimberman  and  Maamfo/eturert 
states  that  approximately  400,ooo,ooo  feet  (board-measnre)  of  pine  are  annually  cut  ifa 
the  north  central  part  of  this  state,  on  the  Mississippi  river  and  its  tributaries,  about 
three-quarters  of  which  are  sawed  at  Minneapolis;  and  that  some  200,000,000  feet  are 
annually  cut  on  the  St.  Croix  river  and  its  branches,  about  half  of  which  is  cut  In  Mln^ 
nesota,  chiefly  on  the  Snake  river,  the  amount  sawed  at  Stillwater  being  some  100,000,000 
feet  yearly.  Throughout  these  districts  about  three-quarters  of  the  timber  cut  are 
white  pine,  and  the  remainder  red  or  Norway  pjne.  Much  white  pine  is  also  cut  on  the 
St  Lools  river,  the  Otter  Tall  river.  Clearwater  river  (a  tributary  of  Bed  Lake  river),  and 
recently  on  the  Balny  Lake  river ;  and  red  pine  Is  cut  on  Fine  creek,  tributary  to 
Boseau  lake  and  river,  west  of  the  lake  of  the  Woods.- 

The  amount  of  merchantable  pine  standing  in  Minnesota  in  1880  was  estimated  by ' 
C  £r.  Sargent,  special  agent  of  the  United  States  censOs,  at  6,100,000,000  feet;  and 'the 
amount  cut  in  the  state  during  the  preceding  year  is  reported  to  be  B40,fMr7,000  feet. 

PICE  A ,  Link.       Sfbuob. 

P.  nigra.  Link.    (Abies  mgn,  Poir.)       Black  Spmoe.    Double  Spruce. 

Common  northeastward ;  extending  south  to  Chicago  and  Isanti  counties,  and  west 
to  Spruce  Hill,  Douglas  county,  the  White  Earth  reservation.  Bed  lake,  and  the  lake  of 
the  Woods  and  Boseau  river.  It  attains,  in  favorable  situations,  a  bight  of  70  feet  and 
diameter  of  18  Inches,  Clark;  but  usually  it  is  small,  and  none  of  it  is  cut  for  lumber  In 
this  state. 

P.  alba.  Link.  (A.  alba,  Michx.)       White  Spmoe.    Sinfi:le  Spmoe. 

Common  far  northward  ;  extending  south  to  Moose  Lake,  Carlton  county,  UphaiH, 
and  to  the  upper  Mississippi  river  and  White  Earth  reservation,  Oorriscm,  and  west  to 
the  lake  of  the  Woods  and  Boseau  river ;  20  feet  high,  8  inches  in  diameter,  Clark. 

TSUGA,  Carnfere.       Hemlock- Sfruob. 

T.  Canadensis,  Carri^re.    (Abies  Gaoaden^is,  Miohz.)       Hemlook-Spruoe. 
Hemlock. 
Mentioned  by  iVicoUet  as  observed  in  the  region  of  the  upper  Mississippi,  and  by 
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Norwood  in  the  valley  of  the  Bt.  Louis  river ;  inelnded  in  Dr»  Lapham'i  catalogue ;  also 
reported  as  oconrrlng,  locally,  near  Pokegama  lake,  Oass  county,  and  at  the  north  side 
of  Sand  lake,  in  the  sonthwest  part  of  T.  46,  B.  19,  Carlton  oonnty,  and  in  other  parts  of 
this  county,  as  on  Black  Hoof  creek ;  all  of  which  need  veriflcation.  Though  plentiful 
not  far  eastward  In  Wisoonsin,  it  extends  very  scantily,  if  at  all,  into  Minnesota.  ["On 
the  south  shore  of  lake  Superior  it  does  not  reach  the  western  extremity,  turning  south- 
ward in  the  neighborhood  of  Ashland*  I  am  informed,  however,  that  there  is  an  out- 
lying grove  of  hemlock  at  Thomson,  aboift  twenty-Ave  miles  west  of  Dnlnth.  This 
tree  maintains  a  good  size  to  the  verge  of  its  range,  and  always  appears  to  terminate 
abruptly."   BeU.] 

ABIES,    Link.       Fib. 

A.  balsamea,  Marshall.        Balsam  Fir. 

Common  northeastward,  attaining  a  hight  of  00  feet,  ClarHi  extending  south  and  west 
to  nearly  the  same  limits  as  the  black  spruce  •;  also  farther  south.'rareand  local,  as  near 
Mantonrille.  Dodge  county,  Harrington^  and  in  the  heavy  timber  In  the  northeast  part 
of  Spring  Valley.  Fillmore  county,  WincheXL 

LiABIX,  Toam.        Labcb. 

Ii«  Americana  Michx.  American  or  Black  Larch.  Tamarack.  Hack- 
matack. 

Abundant  through  the  north  half  of  the  state,  and  common  southeast  to  Wright, 
Hennepin  and  Bamsey  counties ;  rare  farther  southeast,  as  on  Pine  creek  In  Houston 
county,  Winchell;  absent  southwestward.  This  tree  occurs  in  swamps,  which  are 
generally  frequent,  varying  in  extent  from  a  few  rods  to  several  miles.  Mr.  Nathan 
BwUer  states  that  such  swamps,  bearing  tamarack  but  scarcely  any  other  trees,  occupy 
nearly  the  entire  country  between  Bed  lake  and  the  lake  of  the  Woods ;  and  Mr.  O.  M. 
Dawion  and  others  give  a  similar  description  of  the  area  crossed  by  the  intemational 
boundary  between  the  lake  of  the  Woods  and  the  Bed  river  valley.  Tamarack  also 
often  grows  on  drier,  hard  ground ;  sometimes,  north  of  lake  Superior,  attaining  a 
hight  of  90  or  100  feet  (but  very  slender,  having  a  diameter  of  only  about  one  foot ;  valu- 
able for  railroad  ties),  Clark.   Its  usual  hight  Is  from  20  to  40  feet. 

Watab  river  and.  township  bear  the  name  which  the  Chlppewas  give  to  the  long 
threads  obtained  by  splittiog  tamarack  roots,  used  by  them  in  sowing  their  birch  canoes. 
KeaUng^s  Narrative  of  Long*9  EoppedUion,  vol.  it,  p.  73. 

THUYA  (thuja),  Toum.       Abbob  ViTiS. 

T.  occidentalism  L.       American  Arbor  VitsB.    ''White  Cedar.'* 

Common  northeastward,  forming  almost  impenetrable  "cedar  swampn,''  often  attain- 
ing a  large  size,  from  40  to  70  feet. in  bight,  and  from  one  to  two  or  even  three  feet  in 
diameter,  Clarke  RoherU\  extending  west  to  the  south  end  of  lake  Winnipeg,  Bell,  the 
lake  of  the  Woods  and  Boseau  river.  Bed  and  PemidJI  lakes,  and  to  the  head  of  Straight 
river  in  northeastern  Becker  county,  and  south  to  the  south  shore  of  MiUe  Lacs  and  the 
month  of  Soake  river.  It  also  occurs  very  rarely  farther  southeast,  as  on  Qwinn's  bluff 
in  southeastern  Winona  county,  WineheU.  On  the  north  shore  of  lake  Superior,  "not 
so  common  as  inland,  but  maintains  its  hold  upon  life  In  the  most  unfavorable  positions. 
Often  the  only  representative  of  the  vegetable  kingdom  on  a  bare  rock  in  the  lake, 
where  its  stem  and  branches  plainly  Indicate  the  direction  of  the  prevailing  winds  and 
waves."  Juni.  This  tree  is  the  principal  species  upon  a  large  area  adjoining  the  Missis- 
sippi river  in  northern  Aitkin  county.  Its  wood  is  light  and  very  durable,  being  espe- 
cially sought  for  fence  and  telegraph  posts.   It  is  often  spiral-grained. 

JUNIPERUS,  L.       JuNiPBB. 

j.  communis,  L.       Common  Juniper. 

Throughout  the  state,  but  infrequent.  Minnesota  Point,  near  Duluth  (plentiful), 
also  near  Minneapolis,  Roberts;  Wadena  and  Benton  counties  (rare),  Upham;  Sherburne 
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and  Ramsey  counties,  KeUeu;  Hennepin  county,  Simmons;  Goodliue  couoty,  Sandberg; 
southeastern  Winona  county.  M'incheU;  Dodge  county,  Harrington;  Blue  Earth  county, 
Leibery;  bluffs  of  the  Cottonwood  river,  Juni, 

J.  communis,  L.,  var.  alpiiia,  Gaud.       Janiper. 

North  shore  of  lake  Superior,  Junf;  Taylor'j  Falls,  Miss  Cathcart.       North. 

J.  Virgriniana,  L.        Red  Cedar,   ^led  Savin. 

Rainy  I^ake  river,  Dawson;  upper  Mississippi  (rare),  NicoUet,  Oarrison;  lake  Pepto, 
Miss  Manning;  bluffs  of  the  Cottonwood  river,  Juni;  at  Redwood  Falls,  perhaps  fur- 
nlsblne  the  name  of  the  Redwood  river.  (Also  see  Cornus  stolonifera.)  Found  scantily 
in  exposed  situations,  as  on  the  bluffs  or  shores  ot  rivers  and  lakes,  growing  to  be  10  to 
26faet'high,  in  the  greater  pari  of  the  state;  most  frequent  in  its  southeast  quarter; 
absent,  or  rare,  near  its  west  side  and  north  of  lake  Superior. 

J«  Sabina,  L.,  var.  procnmbens,  Pursb.       Savm.    Juniper. 

Lake  of  the  Woods,  Dawson;  plentiful  on  dunes  at  Sand  Hill  river,  Garfield,  Polk 
county,  Upham;  near  Iiasca  lake.  Garrison;  Rice  county,  Sperry:  bluffs  of  Le  Soeur 
river,  Leiherg;  Olmsted  county  (rare),  Harrington;  the  Big  Woods,  and  Fill  more,  Winona 
and  Houston  counties  (rare),  WincheU.       Korth. 


TAXACEJC.         Yew  Family. 

TAXUS,  Toum.        Yew. 

T  •  Canadensis,  Willd.   (T.  baccata,  L.,  var.  Canadensis,  Gray.)        American 
Yew.    Ground  Hemlock. 
.  Abundant  north  of  lake  Superior,  Juni^  Roberts;  common,  or  frequent,  thenoe  west 
and  south  to  nearly  the  same  limits  as  the  pines,  black  spruce  and  balsam  fir;  near 
Lake  City.  If  rs.  Ray. 


ARACE/K.        Arum  Family. 

ARISu^SIA,  Martius.        Indian  Tl'unip.    Dragon-Arum. 

A.  triphyllum,  Torr.  (A.  atrotubens,  Blume.  Bof.  Gazette,  ix,  114.)    Indian 
Turnip.    Jack-m-the-Pulpit. 
Common,  or  frequent,  throughout  the  state. 

A.  Dracontiiim,  Schott.        Green  Dragon.     Dragon-root. 
Lake  Pepin,  Miss  Manning.      Rare.       Southeast. 

CALLA,  L.        Water  Auum.    Calla. 

C.  palustris,  L.        Water  Arum.    Wild  Calla. 

Common  In  the  north  half  of  the  state,  and  southeast  to  Minneapolis  and  Saint 
Paul ;  rare  farther  southeast,  as  near  lake  Pepin,  Miss  Manning;  absent  southwest- 
ward. 

SYMPLOCARPUS,  Salisb.       Skunk  Cabbage. 

S.  foetldus,  Salisb.        Skunk  Cabba^^e. 

Chisago  county,  etc.  (common),  Upham;  Stilt  water.  Mi»8  Field;  Saint  Paul,  ITeU^; 
near  Minnehaha  falls,  Roberts;  lake  Pepin.  Miss  Manning;  Winona  county,  HoiMlngsr; 
New  Ulm,  Juni.    [Hesper,  Iowa,  Mrs.  Carter;  lake  Superior.  Whitney.] 
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ACORUS,  L.       SwBXT  Flag.    Calahub. 

A.  Calamus,  L.       Sweet  Flag.    Calamus. 

CommoD,  or  frequent,  tbroughoat  the  stftte ;  exoeptlog  perbapt  sonthwestward,  In 
which  direction  it  extends  at  least  to  Redwood  Falls,  Miss  BuUer,  and  Emmet  county, 
Iowa  (rare),  Cratty, 

LEMNACEiE.        Duckweed  Family. 

LiEMNA,  L.       DocKWiBKD.    Duck's-meat. 

L.  trisuica,  L.       Dackweed.     Duck's-meat. 

Throughout  the  state.  Minnesota  river,  Parry;  Blue  Earth  eount  j  (flowering  plen- 
tifully in  1882),  Leihera:  frequent  in  Martin  eounty,  and  in  Emmet  county,  Iowa,  Cratty; 
Minneapolis,  Arthur,  Roberts;  Taylor's  Falls.  Mrs.  Ray;  Pembina,  Chieherlng;  Red 
river  prairie  and  lake  of  the  Woods,  Dawson, 

L.  minor,  L.        Duckweed.    Dack^s-meat. 

Throughout  the  state.  Blue  Earth  county,  Leibe/rg;  Minneapolis,  Arthur,  Sim- 
mons: Dulvth  £arbor  (plentiful),  Roberts;  also.  Red  river  prairie  and  lake  of  the  Woods 
(common),  Dawson. 

SPEIRODELA,  Schleid.       Ducx^vbxd.    DuckVmeat. 

S.  polyrrhlza,  Schleid.  (Lemna  polyrrbiza,  L.)      Dackweed.    Duck*8-meat. 
Througliout  the  state.   Blue  Earth  eounty,  Leiberg;  frequent  in  Martin  oonnty,  and 
in  Emmet  county,  Iowa,  Cratty;  Minneapolis  (abundant),  Arthur,  Upham;  Saint  Paul, 
Kelley;  and  northwest  to  the  Saskatcbewan  river. 

WOLPPIA,  Horkel,  Schleid.        Wolffia. 

W.  ColumbiaDa,  Earsten.       Wolffia. 

Found  by  Mr.  Leiberg  in  a  pond  at  the  southwest  edge  of  the  village  of  South  Bend, 
Blue  Earth  county ;  plentiful,  covering  the  surface  to  a  depth  of  one  or  two  inches  in 
the  summer ;  often  blown  upon  the  shore  in  small  ridges  by  storms  ;  slightly  spreading 
to  adjacent  ponds;  determined  by  Dr.  Eingelmanh,  who  thinks  that  it  is  not  a  native  of 
these  northern  latitudes,  but  has  been  probably  brought  by  water-fowls.  It  appears  to 
have  become  thoroughly  acclimated  in  this  locality. 

TYPHACE.E.        Cat-tail  Family. 

T YPH A ,  Toum.        Cat-tail  Flag. 

T,  latifolia,  L.        Common  Cat-tail.    Reed-mace. 
Common  throughout  the  state. 

•     SPARGANIUM,  Toum.       Bur-reed. 

S.  eurycarpum,  Engelm.        Bar-reed. 

Throughout  the  state.  Lake  of  the  Woods,  Dawson;  Minneapolis  (common), 
Roberts;  West  Saint  Paul,  Miss  Butler;  Wabasha,  Oibson;  Blue  Earth  county,  Leiberg; 
Redwood  Falls,  Pemberton;  Emmet  county,  Iowa  (rare),  CrcUty. 

S.  simplex,  Hudson.        Bur-reed. 

Red  river  vaMey,  at  Pembina,  Chickering;  Agate  bay,  lake  Superior,  Junt;  West 
Saint  Paul,  Miss  Butler;  lake  Pepin,  Miss  Manning, 
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S.  simplex,  Hadson.yar.  NnttalllijtikHy.       Bnr-reed. 

Bt.  Croix  river,  Parry. 

S.  simplex,  Hadaon,  var.  androdadum,  Gray.       Bur-reed. 
•    Freeborn  county,  •ITphaiii. 

S.  simplex,  Hadson,  var.  angustifoliumy  Ghray.       Bur-reed. 
Latham,      North.       [IsleRoyale,  Whitney,] 

S.  minimum  9  Banhin.  ^    Bur-reed. 

Brooks,  8t  Croix  river.  Parry;  lake  of  the  Woods,  Dairaon.  [North  of  lake  Super- 
ior, ^crossfs;  Isle  Boyale,  TTnOn^.]      North.    .  .'  '     ' 

NAIADACEiE.        Pondwebd  Family. 

NAIAS,  L:       Naiad. 

N.flexllis,Ro8ik.&  Schmidt.    .   Naiad. 

• '  Throughout  the  state.  Blue  Earth  county.  Leiberg;  laeutlfnl  in  Mar^n  county  and 
in  Emmet  county,  Iowa,  OraUy;  Minneapolis  (abundant),  Miss  BuXXtr,  ^Manitoba,' 
Maccvn,] 

ZANNIOH£IiIiIA,  Micheli.       Hobnkd  Pondwebd. 

Z.  palustris,  L.       Homed  Pondweed. 

Feat-bogs  between  Kasota  and  Mankato,  LeQierg.      Bare. 

POTAMOOETOX,  Toum.       Pondwbkd.    Potavoobton. 

P.  natans,  L.       Pondweed. 

Common,  or  frequent,  throughout  the  state. 

P.  Claytonii,  Tnckerman.       Pondweed. 

Plentiful  near  Stewart  river,  north  of  lake  Superior,  Hoharii. 

[P.  rufescens,  Sohrader,  will  probably  be  found  in  northeastern  Minnesota.] 

P.  loncliites,Tuckerm.       Pondweed. 

Le  Sueur  river.  Blue  Earth  county,  Leiiberg;  Emmet  county,  Iowa  (frequent),  Craity. 
South. 

P.  ampIifollas,Tuckennan.        Pondweed; 

Plentiful  in  Devirs  Track  lake,  north  of  lake  Superior,  Roberts;  lake  Pepin,  MiM 
Mamnlngi  Emmet  county,  Iowa  (rare),  CrcMy, 

P.  gramineus,  L.,  var.  heteropliyllus,  Fries.       Pondweed, 

Throughout  the  state.  Abundant  in  DevU's Track  lake,  Roberts;  frequent  in  Bramet 
county,  Iowa,  Cratty, 

P.Iaoens,  L.       Pondweed. 

Throughout  the  state,  but  infrequent.  Lake  Mlnnetonka.  Roberts;  White  Bear  lake. 
Bamsey  county,  Simmons;  Steams  county,  CcunpbeU.  [North  of  lake  Superior,  AgassU; 
Manitoba,  Macoim.] 

P.  lucens,  L.,.yar.  minor,  Nolte.       Pondweed. 
Lake  Minnetonka,  Herrick,  Roberts. 

[P.  prselongus,  Wulfen.,  wUl  doubtless  be  found  in  Minnesota.] 
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P.  lUlnoenslSy  Moronff.*       Pondweed.         -  .  ' 

Emmet  connty,  Iowa,  Cratty,  Arthur;  doubtless  also  to  be  f oimd  in  sontbern  Min- 
nesota. 

P.  perfoliatus,  L.       Pondweed. 

.  Throngbont  tbe  state.  Blue  Bartb  eomity,  Ldbergs  lake  Oalboun,  Minneapolis, 
Upham;  Stearns  ooobty,  Campbell;  lake  of  tbe  Woods,  Dawton. 

P.  perfollatns^L,  var.  lanceolatOBt  Bobbins..      Pondweed. 

Also  tbroogbeut  the  state.  Lake  Minnetonka,  Arthur;  frequent  in  Martin  county, 
and  In  Emmet  eoonty,  Iowa,  CroUy, 

P.  zostersefolius,  Schnm.  (P.  oompieesas,  Fries,  not  L.)       Pondweed. 

Minneapolis,  SimmoM;  Blue  Eartb  eounty,.  Leiberg,  and  Martin  eonnty  (frequent), 
CraUy,  botb  determined  by  Rev.  T,  Morofng. 

P.  paucifloruB^  Parsh.        Pondweed. 

•  Minneapolis  (eem'mon),  Mis8  ButUr;  lake  Pepin,  Miss  M onhina;  Blue  Earth  county^ 
Lefbergr,  determined  by  Rev,  T.Morong;  Emmet  con aty,  Iowa  (frequent),  Cratty. 
[Nortb  of  lake  Superior,  Agasslz.l 

P.  pasillus,  L.       Pondweed.  *    ' 

Tbrongbout  the  state.  Lake  of  the  Woods,  Dawson;  White  Bear  lake,  Ramsey . 
eonnty,  Simmons;  Emmet  county,  Iowa,  GraUy,  determined  by  Bev.  T.  Morong, 

P.  puslllus,  L.,  var.  major.  Fries.       Pondweed.   • 

Martin  county  (frequent),  CraUiy,  determined  by  Rev.  T,  Morong. 

P,  pasillus,  L.,  var.  Tulgrarls,  Fries.     .  Pondweed. 

Lake  Minnetonka  (plentiful),  HerricH,  Roberts;  Winona  lake,  Holztnger. 

P,  pectinatus,  L.       Pondweed. 

Throughout  the  state.  Mississippi  river  near  Saint  Cloud,  CampheU;  Blue  Earth 
county,  Leiberg;  Martin  county  (abundant),  CraUy,  determined  by  Rev.  T.  Morong, 
[North  of  lake  Superior,  Agassiz;  Jame^  ri^er,  Dakota,  Oeyer.] 


ALISMACEiE.        Watbb-Plantain  Family. 

TRIGLOCHIK,  L.  Arrow-grabs.  (This  ^enus  and  Scheuch- 
ZBRiA  are  included  in  the  preceding  order,  NAiADACBiB,  by  Watson  in  tbe  Botany 
of  California.) 

*P0TAM00BT0K  iLLiiioxKSis,  Moroug.  Stem  stout,  branching  towards  the  sum- 
mit ;  floating  leaves  opposite ,  thick,  coriaceous,  oval  or  ovate,  2  to  s  laches  long  by  lii 
broad,  19-  to  23-nerved,  rounded  or  sub-cordate  at  base,  and  with  a  short  blunt  point  at 
the  apex,  on  short  petioles ;  submersed  leaves  comparatively  few,  dark  green,  oblong- 
ellipticali  acute  at  each  end,  usually  ample  (the  largest  nearly  8  Inches  long  and  l^ 
wide),  entire,  rarely  mucronate,  nearly  or  quite  sessile,  the  uppermost  opposite;  stipules 
coarse,  free,  obtuse,  stroogly  bicarhiate,  about  2  inches  in  length ;  peduncles  often 
clustered  at  the  summit  of  the  stem,  2  to  4  Inches  long,  usually  somewhat  thickening 
upwards ;  spikes  about  2  inches  long,  densely  flowered  ;  fruit  roundish  obovate,  IH 
to  2  lines  long  and  1  to  i^  lines  wide,  8-keeled  on  the  back,  tbe  middle  keel  prominent 
and  sometimes  shouldered  at  the  top,  flattened  and  slightly  impressed  on  the  sides, 
obtuse  or  occasionally  pointed  at  the  base,  tbe  style  short  and  nearly  facial,  the  apex  of 
the  embryo  pointing  transversely  inwards.  Allied  to  P.  lucens,  L.,  in  habit,  but  with 
larger  fruit,  and  in  foliage  quite  distinct.  Morong  in  BotanUal  Oazette^  vol.  v,  p.  60 
(May,iWO). 
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T.  paliistre,  L.       Arrow-grass. 

Througbouttbe  state.  Feat-bogs  between  Kasota  and  Mankato  (plentUul).  J>i- 
berg;  Red  river  valley.  Scott. 

T.  maritimum,  L.       Arrow-grass. 

Lapham.  Stearns  county,  Campbell,  [Sbeyenne  river  and  Devtrs  lake,  Dakota, 
Oeyer.]      North. 

T.  maritimum,  L.,  var.  elatum,  Ghray.       Airow-grasa. 

Duluth  (common),  and  Minneapolis  (frequent),  RoberU;  Obisago  eonnty,  Upham; 
upper  Minnesota  river,  Parry:  also,  peat-bogs  between  Kasota  and  Mankato  (plentiful), 
Leiberg;  Emmet  eounty,  Iowa  (rare),  Cratty. 

SCHEUCHZEBIA ,  L.        Scheuchzbria. 

S.  palustris»  L.       Scbeuchzeria. 

8t.  Croix  river,  Parry;  near  Clearwater,  Wright  county,  Jlrs.  Terry;  Minneapolis, 
Kassxifjet  (take  Calhoun)  Miss  Butler;  Emmet  county,  Iowa  (rare),  CraUy, 

ALISMA,  L        Water-Plahtaiw. 

A.  Plaotagro,  L.       Water-Plantain. 

Common  throughout  the  state.  **  Very  variable  as  respects  foliage,  the  forms  being 
determined  chiefly  by  the  place  of  growth  and  not  deserving  to  rank  as  varieties."  Watr- 
son.  Botany  of  Calif  omia, 

ECHINODORUS.  Richard,  Engelmann.       Eohinodorub. 

E.  parvuluSy  Enprelm.       Echinodorus. 

Muddy  margins  of  ponds,  St.  Croix,  Parry,   [North  of  lake  Superior,  Agcuisiz.^ 

SAGITTARIA,  L.     ,  Abrow-head. 

S.  variabilis,  Enfrelm.        Common  Arrow-head. 

Common  (especially  the  var.  hastata,  Gray)  throughout  the  state ;  var.  angustifolia. 
Gray,  Minneapolis,  Miss  Butler,  '*This  plant,  so  variable  In  foliage,  and  so  abundant 
in  distribution,  furnishes  an  important  article  of  native  food  in  the  tubers  which  beset 
its  fibrous  roots.  These  tubers  (from  the  fact  of  their  affording  nourisbment  to  the 
larRcr  aquatic  fowls  which  congregate  in  iiuch  abundance  about  the  northwestern 
lakes)  are  called  by  the  Chippewas,  Wab-es-1-pln-ig,  or  swan  potatoes,  a  name  which 
has  been  naturally  appropriated  to  several  streams  of  this  region,  Wabesipinioon ; 
meaning,  the  abode  of  the  swan  potato.  Tliese  tubers  frequently  attain  the  size  of  a 
small  hen's-egg,  and  are  then  eaten  by  the  Indians,  with  whom  they  are  a  great  favorite. 
In  their  raw  state  they  contain  a  bitter,  milky  Juice,  but  in  boiling  become  sweet  and 
palatable."   Parry, 

8.  heterophylla,  Pursh.        Arrow-head. 

Upper  Mississippi  river,  Houghton;  Hennepin  county,  Roberts,  Orisrvoldi  probably 
extending  through  the  south  half  of  the  state. 

S.  grrainlnea,  Michz.       Arrow-head. 
Mmnea  polls,  Kassube.      South. 

S.  cristata,  Engelm.*        Arrow-head. 

Emmet  county,  Iowa,  on  the  south  boundary  of  Minnesota,  CraUy;  doubtless  atoo 
in  this  state. 

*  Sagittaria  cbistata,  Engelm.  Flowers  only  of  the  lowest  whorl  fertile :  fruit- 
heads  much  larger  ihan  in  S.  graminea ;  achenia  broad,  with  a  conspicuous  horizontal 
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HYDROCHARIDACE^.        Frog's-bit  Family. 

ANACHARIS,  Richard.        Water- wbed. 

A.  Canadensis,  Planch  >d.       Water- weed. 

Common  throughout  the  state.  Duluth  harbor  (plentiful),  and  Bllnneapolls,  Rob- 
erts: lake  HinnetODka,  Mi88  Butler;  Winona  lake,  Holztnger;  Blue  Earth  county,'  Lei- 
hero:  plentiful  in  Martin  eoanty,  and  in  Emmet  county,  Iowa,  Uratty.  This  aquatic 
plant,  common,  but  nowhere  troublesome,  in  this  its  native  country,  having  become 
naturalized  In  Europe,  grows  there  more  rankly.  so  as  to  become  iu  many  places  a 
serious  obstruction  to  river- navigation.  Since  1836,  when  it  first  appeared  in  England 
and  Ireland,  it  has  spread  eastward  upon  the  continent  along  the  rivers  of  Belgium, 
Holland  and  Germany,  and  is  now  complained  of  at  Riga  in  western  Russia.  PoptUar 
Seiejice  Monthly,  vo\.  xix,  p.  430  (Jnly,  1881). 

YALLISNERIA»  Micbeli.       Tape-obass.    Erl-grass. 

T.  spiralis,  L.        Tape-gras!<.    Eel- grass. 

With  the  preceding,  in  Duluth  harbor  (plentiful),  and  Minneapolis,  Roberts,  (lake 
Calhoun)  Miss  BiUler;  Blue  Earth  county,  (7e(f(/e,  (Eagle  lake)  Ldherg;  Redwood  Falls, 
Miss  BiUler, 

ORCHIDACE^.        Orchis  Family. 

ORCHIS,  L.        Orchis. 

O.  spectabilis,  L.        Showy  Orchis. 

Duluth  (frequent),  and  Saint  Paul  (rare),  Miss  CaOicart;  Stearns  county,  OampheU; 
Fergus  Falls,  Leonard;  Minneapolis  (frequent),  Roberts;  Northfleld,  Chaney;  Faribault, 
MissBeane;  Blue  Earth  county,  Leiberg;  frequent  at  Uesper,  Iowa,  Afrs.  Carter, 

O.  rotiindifolla,  Pursh.  (Habenaria  rotundifoha,  Richardson.)       Orchis. 
Detroit,  Becker  couuty,  Qedgt.      Rare.       North. 

HABENARIA,  Willd.        Rbin-Orchib. 

H.  tridentata,Hook.        Rein- Orchis. 

Lapham,  Goodhue  county,  Sandberof.  [North  of  lake  Superior,  ^(/ossiz.]  In- 
frequent. 

H.  viresceus,  Spreng.        Greenish  Orchis. 

Lake  City,  Miss  Manning;  Goodhue  county,  Sandberg;  Minneapolis,  Roberts; 
Stearns  county,  CampbeU;  Detroit,  Becker  county,  Oedge,      Infrequent. 

H.  Tiridis,  R.  Br.,  var.  bracteata,  Reich.       Bracted  Green  Orchis. 

Throughoui  the  state.  Carlton's  Peak,  north  of  lake  Superior,  and  also  near  Min- 
neapolis, Roberts;  eastern  border  of  Red  river  prairie,  Dawson;  Steams  county,  Camp- 
bell; lake  Elmo,  Washington  county,  Leonard;  Blue  Earth  county,  Leiberg;  Faribault. 
MissBeane;  Winona  county,  HoXzinger.  [Besper,  Mrs.  Carter,  and  south  to  Council 
Bluffs,  Iowa,  Qeyer.] 

style,  and  crested  back  and  sides.  .  .  .  Near  S.  grainlnea,  Michx.,  and  perhaps  only 
a  variety  of  it,  although  the  only  other  Saglttarla  with  such  crests  to  the  achenia  Is  S. 
natans,  Michx.  Further  observations  are  needed  to  eventaally  place  it  correctly. 
X«e^fer  of  Dr,  Engelmann,  dated  March  I6th,  1882,  in  Arthur*s  Contributions  to  the  Flora 
of  Iowa,  No.  V, 
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H.  hyperborea,  R.  Br.       Northern.  Green  Orchis. 

Threnghoot  the  state.  Lake  Superior,  WhUney;  lake  of  the  Woods, l>aio8on;  De- 
troit, Becker  conoty,  Oedge;  Bteams  county,  Campbetl;  Minneapolis  (coromon),  Both- 
erts;  Hesper,  Iowa  (rare),  3ir$,  Carter, 

H.  dilatata.  Gray.       Rein-Orchis.    Northern  White  Orchis. 

Lake  Superior,  Whitney;  Detroit,  Oedge;  Minneapolis  (common).  Etoberts;  St,  <;rolx 
rlTer,. Parry.       North. 

[H.  rotondifolla,  Richardson,  is  found  to  belong  to  the  preceding  genus,  Orehis.] 

H.  obtusata,  Richardson.       Rein-OrchiB. 

Abundant  north  of  lake  Superior,  JurU,  Roberts.      North. 

H.  Hooker! ,  Torr.       Small  Two-leaved  Orchis. 

Throughout  the  state.  St.  Crolz  river,  Parry;  Elk  River,  Sherburne  county,  Ccunp- 
bell;  Saint  Paul,  Hiss  Catheart;  Winona  county,  Holzinger;  Hesper,  Iowa,  Mm,  Carter . 
[Lake  Superior,  Whitney;  Manitoba,  Macoun,] 

H.  orbiculata,  Torr.        Lar^^e  Round-leaved  Orchis. 

North  of  lake  Superior,  Juni,  Rol>erts;  St.  Louis  river,  Mrs.  Herrkk.       Northeast.' 

H.  blepharigrlottiSy  Ho^k..  var.  holopetala,  Gray.       White  Fringed-^ 
Orchis. 
Minnesota  Point,  near  Dnluth,  JIfiss  Catheart.      Rare. 

H.  leucophaea.  Gray.        Western  Green  iah  Fringed-Orchis. 

Frequent  in  the  south  half  of  the  state,  extending  north  at  least  to  Alexandria, 
Jf  rs.  Terry^  and  Clay  county.  In  the  Red  river  valley,  Upham,  Sometimes  almost  pure 
white.  It  has  spread  widely  in  Martin  county  during  the  past  six  or  seven  years,  being 
now  very  common  in  some  parts  of  the  county,  Oedge, 

H.  lacera,  R.  Br.       Ramred  Frini^ed-Orcfais. 
.    Minneapolis,  Roberts;  Goodhue  county,  Sandberg.      South. 

H.  psycodeSy  Gray.        Purple  Fringed- Orchis. 
Frequent  throughout  the  state. 

GOODYERA,  R.  Br.       Rattlesnake-Plantain. 

G.  repenSy  R.  Br.        Rattlesnake-Plantain. 

North  of  lake  Superior  (common),  also  at  Minneapolis,  .Roberto;  St  Croix  Falls, 
Miss  Field,       North. 

G.  pubcscens,  R.  Br.        Kattlesnake-Plantain. 

North  of  lake  Superior,  Juni;  Taylor's  Falls,  Miss  Catheart,  Roberts;  Clearwater, 
Wright  county,  3fr«.  Terry;  Cannon  River  Falls,  BUike;  Sandberg. 

G.  Menziesli,  Lindl.        Rattlesnake- Plan  tain. 

Isle  Boyale,  Dr,  A,  B,  Lyons;  doubtless  also  in  Minnesota  north  of  lake  Superlor.- 

SPIRANTHES,  Richard.        Ladies'  Tresses. 

S.latifolia,  Torr.       Ladies*  Tresses. 

Lapham,      Hills  of  Zumbro  river,  6«yer.       Bare.      Southeast. 

S.  RoDiauzoiflana,  Chamisso.        Ladies'  Tresses. 

North  shore  of  lake  Superior,  Juni;  Polk  county.  Upham;  Clay  county,  Gedge; 
Stearns  county,  CampbeU;  Minneapolis,  Roberts;  Cottonwood  county,  Holzinger;  peat- 
bog between  Kasota  and  Mankato  (very  scarce),  Leiberg,      North. 

S.  cemua,  Richard.       Ladies*  Tresses. 

Common,  or  frequent,  through  the  south  half  of  the  state,  and  perhaps  northward ; 
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lake  Superior,  WMtnty,  and  lake  of  the  Woods,  Dawmm;  Tar.  latlfoUa»  Torr.,  bills  of 
ZambroriTer,  Oeyer. 

S«  gracilis,  Bigelow.        Ladies*  Tresses. 

TbroQghoat  tbe  state,  but  infrequent .  Pine  barrens,  St  Croix  ri^er,  Parry;  Stearns 
county,  CampbeU;  Minneapolis,  B.  S.  WUliami,  Roberta;  lake  Pepin,  MUa  Manning. 
[Decorah.  Iowa,  Arthur;  Nebraska,  Atighei/:  Manitoba,  Jfiocaun.] 

LISTERA,  R.  Br.        Twatbladb. 

L.  cordata,  R.  Br.       Twayblade. 

Between  lake  Superior  and  the  lake  of  the  Woods,  Macoun;  Isle  Royale,  Dr.  A.  B. 
Lyons.      North. 

li.  convailarioides,  Natt.        Twayblade.' 

Also,  between  lake  Superior  and  the  lake  of  the  Woods,  Macoun;  Isle  Royale,  Dr»  A, 

B.  Lyons.       North. 

ARETHUSA,  Gronov.       ArethusA. 

A.  bulbosa,  L.        Arcthusa. 

Chisago  county,  Opham;  Ramsey  county  (near  lake  .tohanna),  Roberts;  Red  Wing, 
Sandberg.      Rare.       North. 

POGONIA,  Juss.       PoooNiA. 

P.  ophiofiflossoides,  Nutt.        Pofironia. 

St.  Croix  river.  Parry;  Isanti  county,  Upham;  Stearns  county,  CampbtU;  Saint  Paul, 
■Mrs.  Terry,  KeUey;  Minneapolis  (frequent),  Roberts^  Miss  Butler. 

,      [P.  pendttla,  LlndL,  and  P.  yertlcillata,  Nutt.,  should  bo  looked  for  in  this  state.] 

CALOPOGON,  R.  Br.       Cam)pogoh.    Grass  Pink. 

C.  pulchelluSy  R.  Br.        Calopogon.    Grass  Pink. 
Common,  or  frequent,  throughout  the  state. 

CALYPSO,  Salisb,       Calypso. 

C.  borealis,  Salisb.       Calypso. 

Black  Point,  north  shore  of  lake  Superior,  Roberts;  Duluth,  ifiss  CatMari.      Rare. 
North. 

MICROSTYIilS,  Nutt       Adder*b-Mouth. 

M.  monophylloH,  Lindl.        Adder's- Moath. 

Lapham,       St.  Croix  river,  Parry;  Taylor's  Falls,  Roberts,      Rare.      North. 

M.  ophiogrlossoldes,  Nutt.       Adder's-Mouth. 

Itasca  lake,  HouaMori;  Mille  Lacs,  CarapbeU;  St.  Croix  river,  Parry;  at  bead  of 
lake  Pepin,  Sandberg;  Hesper,  Iowa  (rare),  Mrs.  Carter.    [Manitoba,  Maeoun.l 

LIP  ARIS,  Richard.       Twayblade. 

li.  liliitblia,  Richard.       Twayblade. 

Minneapolis  (one  mile  west  of  city),  Roberts;  near  Saint  Paul,  Mrs.  Terry  ;  Good- 
hue county,  8andberg;  Winona  county,  Holzinijer;  Hesper,  Iowa,  Ifrs.  Carter.     Rare. 

li.  Loeseiii,  Richard.       Twayblade. 

In  tamaraek  swamps  near  Minneapolis,  Roberts;  Steams  countr,  CampbeU.     Rare. 
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CORAL LOBHIZA«  Hailer.       Coral-root. 

C.  iniiata,  R.  Br.        Coral-root. 

Stearns  county,  Oampoell;  alonx  the  northeni  boundary  of  Minnesota^  Mitnmi, 
Throughout  the  state  :    rare  .southward,  frequent  northward. 

G.  multiflora,  Nutt.        Coral-ioot. 

Hesper,  Iowa,  Mrs.  Carter;  Taylor's  Falls,  Roberts;  Stearns  county,  CamphelU 
Pembina,  Havard;  lake  Superior,  Whltneu-    Throusbout  the  state,  but  Infrequent. 

€.  Macrsei,  Gray.        Coral-root. 

Lapham,      rMackloaw  (abundant),  Whitney.]   Rare  In  Minnesota. 

APLECTRUM,  Torrcy.        Putty-root.    Adam-and-Evk. 

A.  hiemale,  Torr.        Patty-root.    Adam  and  Eve. 

8t.  Croix  Falls,  MiseFitld;  Saint  Paul,  Miss  Calhcart;  Hastings,  Mre.  Ray;  Fari- 
bault, MiS8  Beane;  in  woods  at  the  bead  of  Van  Brunt  slough,  Mankaio,  LHberg.  [xMan- 
itoba.  Jda^oun.]      Rare.  i 

CYPRIPBDIUM,  L.        Lady's- Slipper.    Moccasin- flower. 

0*  arletlnaiii,  R.  Br.      .  Ram's-head  Lady^s^lipper. 

Clearwater  lake,  in  the  northwest  part  of  Wright  jDOunty,  Jkfrs.  Terry;  Stearns 
county,  Campbell;  Detroit,  Becker  eounty,  Ged0s.      Rare.       North. 

C.  caucllduniy  Mubl.        Small  White  Lady's-Slipper. 

Through  the  south  half  of  the  state,  mostly  Infrequent  and  local.  Winona  county, 
Holzinaer;  lake  Pepin,  Miss  Manning;  Gannon  River  Falls,  Blake,  Sandberg;  Minne- 
apolis, Roberts,  (lake  Harriet)  Mrs,  Terry;  Anoka  county,  also  New  (Tim,  Juni;  Ftkri- 
bault,  AftosBeaTie;  Nicollet  county,  Leibery;  Emmet  county,  Iowa  (plentiful),  Crott]/; 
extending  north  at  least  to  Morrison  county,  Ml»s  Babbitt,  tiie  upper  Mississippi  river. 
Garrison^  and  Fergus  Falls,  Leonard, 

C.  parviflorum,  Salisb.        Smaller  Yellow  Lady'e-Slipper. 
Frequent  throughout  the  state,  excepting  far  southward. 

C.  pubescenSy  Willd.        Larjjer  Yellow  Lady's- Slipper. 
Common,  or  frequent,  throughout  the  state. 

C.  spectabile,  Swartz.        Showy  Lady's-Stipper. 

Common,  or  frequent,  often  growing  on  dryish  bard  land,  throughout  the  state;  ex- 
cepting perhaps  far  northeastward,  in  which  direction  it  extends  at  least  to  the  St. 
Louis  river,  Mrs,  Herrick,  the  upper  Mississippi  river,  Oarrieonf  Detroit,  Becker  county 
(abundant),  Oedge,  and  Pembina,  Havard. 

C.  acaule.  Ait.        Stemkss  Lady's-Slipper. 

Frequent  through Ihe  north  half  of  the  state ;  exiending  south  to  Saint  Paul,  Miss 
Cathcart,  Minneapolis  (in  tamarack  8wamps)4Ro7>«rt4«,  and  Martin  county,  Oedge. 

AMARYLLIDACEiE.         Amaryllis  Family. 

HYPOXYS,  L.        Star-grabs. 

H.  erecta,  L.        Star-grass. 

Common  through  the  south  half  of  the  state  and  in  the  Red  river  valley ;  extend- 
ing northeast  to  the  upper  Mississippi  river. 
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HJEMODORACE^.        Bloodwort  Family. 

ALBTRIS,  L.       Colic-root.    Star-grass. 

A.  farinosa,  L.        Colic-root.     Star-^frass. 
Lapham.      Rare.      Soatheast. 

IRIDACEJE.        Iris  Family. 

IRISyToum.        Flower-db-Luce.    Iriv. 

I.  versicolor,  L.        Lariirer  Blue  YlBLg. 
Common,  or  frequent,  throughout  the  state. 

SISYJEIINCHIUM,  L.       Blqe-byed  Grass. 

S.  angustifollam,  Miller.  (S.  Bermadiana,  L.,  in  part;  see  Atnerican  Nat- 
uralistf  vol.  xviii,  pp.  623-5;  June,  1884.)  Blue-eyed  Grass. 
This  variable  species  (In  the  varieties  anceps  and  macronatum,  with  intermediate 
forms)  is  found  throughout  the  state,  being  usually  abundant  in  all  the  prairie  region. 
The  var.  albldam  oceurs  infrequently  at  Marine,  Washington  county,  Miu  Fteld^  Min- 
neapolis, Roberts^  Kaasuhe^  and  southwestward . 

DIOSCOREACEiE.        Yam  Family. 

DIOSCOREA ,  Pluraier.        Yam. 

D.  villosa,  L.        Wild  Yam-root. 

Common,  or  frequent,  throuKh  the  south  part  of  the  state ;  extending  north  to  Saint 
Paul,  Roberts,  Minneapolis,  Kassube,  (lake  Calhoun)  W.  H.  Hatch,  Anoka  county, 
Juni,  aud  the  north  side  of  Snake  river  east  of  Cheng watana,  Pine  county,  Upham, 

SMILACE^.        Smilax  Family. 

SMCI^AX,  Toum.        Greenbrier.    Catbrier. 

S.  rotiiudifolia,  L.        Common  Greenbrier. 

Lake  Superior  to  the  Mississippi,  HougMon;  Steams  county,  Mrs,  Blaifdell;  Anoka 
county,  Jimi;  Minneapolis  (common),  Roberta,  Upham;  Minnesota  river,  Parry;  Fari- 
bault, MinBeane;  Goodhue  county,  Sandberg;  lake  Pepin,  Miss  Manning;  Houston 
county,  Winehell. 

S«  hiflpida,  Muhl.        Greenbrier.    Catbrier. 

Minnesota  river,  Parry;  Blue  Earth  county,  Leiberg;  frequent  in  Martin  county,  and 
in  Emmet  county,  Iowa,  Cratty;  Kanabec  county,  Upham. 

S.  herbacea,  L.        Carrion-Flower. 
Common,  or  frequent,  throughout  the  state. 

S.herbacea,  L.,  var.  pulveruleuta.  Gray.        Carrion-Flower. 

Vicinity  of  Hesper,  Iowa,  on  the  southern  border  of  Houston  and  Fillmore  counties, 
Mrs,  Carter;  Lake  City,  Mrs.  Ray;  Faribault,  Miss  Beane. 
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LILIACEiE.        Lily  Family. 

TRILiLIUM,  L.      Trillium.  Thrbb-lbatbd  Nightshade.    Wake- 
Robin. 

T.  ges8lle,  L.       Trillium.    Three-leaved  NiffhUhade.    Wake-Robin. 
Saint  Paul,. If <MCa£A«art.      Southeast. 

T.  reeurvatum,  Beck.        Trilliam.    Thre-leaved  Nitphtshade. 
Lake  Peptn,  Miss  Manning,      Southeast. 

T.  grandlflomm,  Salisb,       Large  White  Trillium  or  Wake-Robin. 

Frequent  northward ;  extending  southeast  to  las e  Pepin,  MitsMannino,  North- 
field,  Bice  oounty,  VhaneVt  and  Blue  Earth  oounty,  Oedge, 

T.  erectum,  L.       Purple  Trillium  or  Birthroot.    Bath  Flower. 

Lapham,  Blue  Earth  county,  Leiberg;  Saint  Paul,  Mi»$  Oatheart;  Minneapolis, 
Simmons.  Bare.  (Watson's  Revision  of  the  North  American  lAUacecd  makes  this 
name  Include  also  the  two  following,  which,  however,  are  retained  here  as  in  Gray's 

Manual.) 

T.erectum,  L.»  var.  album,  Pursb.       Trillium.    Birthroot. 

Winona,  Holxfnger;  Marine,  Washington  oounty,  if  iss  Field;  Steams  eounty,  (Tor- 
rison.      Bare.    . 

T.  erectum,  L.,  var.  declinatum,  Gray.        Trillium.    Birthroot. 
Frequent,  in  some  localities  plentiful,  throughout  the  state. 

T.  cemuum,  L.       Nodding  Trillium  or  Wake-Robio. 

Common,  or  frequent,  throoghoui  most  of  the  state ;  extending  north  at  least  to 
Grand  Marais,  Roberts,  and  the  upper  ^isslstippi  river,  Garrison;  and  west  to  Feigns 
Falls,  Leonard,  and  Bedwood  Falls,  PemberUm. 

T.  nivale,  Riddell.       Dwarf  White  Trillium.    Snowy  Trillium. 

Winona,  HoMnger;  lake  Pepin,  Jflss  Manntng;  nearSonth  Beud.  Blue  Earth  county, 
Leiberg;  Emmet  county,  Iowa,  CraltJbu.       Bare.      South. 

M£DEOIiA ,  Grooov.        Iitdiak  Cucumbbe-boot. 

M«  Tirsrii^ana,  L.       Indian  Cucumber-toot. 

Lavham.       Near  Saint  Paul,  if^.  Terry ;  Lake  City,  Mrs.  Ray,       Infrequent. 
Southeast. 

IMLELANTHIUM,  L.       Melakthiuic. 

M.  VirsrinieuniyL.       Bunch-flower. 

Minneapolis  (near  lake  Calhoun),  Jfrs.  Terry,      Bare.      Southeast. 

ZYGADENUS,  Michz.  •     ZTQADBirB. 

Z.  elesrans,  Pursh.    (Z.  ^flaucus,  Nutt)       Zygadene,    "Alkali-Grass.'* 

Common,  uften  abundant,  throughout  the  west  part  of  the  state ;  frequent  eastward 
to  the  upper  Mississippi  river,  Sauk  Center,  and  Nicollet  and  Steele  counties;  rare 
farther  east  in  Benton  county,  at  Minneapolis,  Castle  Bock,  Dakota  eonnty,  Cannon 
Bi?er  Falls,  Goodhue  county,  and  lake  Pepin. 

YEBATRUM ,  Toum.       False  Hellebobb. 

V.  viride.  Ait.       American  White  Hellebore.    Indian  Poke. 
Stearns  county,  Qarrison,      Infrequent.      North. 
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TOFIEIiDIA,  HttdBon.       False  Asphodel. 

T.  palustriSy  Hudson.       False  Asphodel. 

Isle  Royale  aad  Thunder  bay ;  doubtless  also  on  tbe  north  shore  of  lake  Superior 
in  Minnesota. 

T.  glutiuosa,  Willd.       False  Asphodel. 

Stillwater,  Parry;  Minneapolis,  Roberts,  MiaaBuUer;  Fergus  Falls,  Leonard;  com- 
mon in  the  Bed  river  valley,  Upham, 

UVXTIiARIA,  L,       Bbllwort, 

U  •  grrfl'ndiflora ,  Smith.        Large-flowered  Bell  wort. 

Common,  or  frequent,  through  the  south  half  of  the  state  and  In  the  Red  river  valley, 

U-  perfoliata,  L.       Mealy  Bellwort. 

Frequent  in  the  south  half  of  the  state  ;  extending  north  at  least  to  St.  Croix  Falls, 
Miss  Fields  Steams  county,  Campbell^  and  the  Sisseton  Agency,  Dakota,  Upham. 

OAK£SIA,  Watson.       Bellwobt.    Oakbsia. 

O*  sessilifolia,  Watson,  (rvularia  sessilifolia,  L.)  Sessile-leaved  Bellwort. 
Throughout  tbe  state.  Morrison  county,  Miss  Babbitt;  Steams  county,  Campbell; 
Fergus  £alls,  Leonard;  Anoka  county,  etc.,  Upham;  Minneapolis,  Twining,  Roberts; 
Saint  Paul,  Miss  CathcarU  Northfleld,  Bice  county,  Chaney,  [Manitoba,  Maeoun; 
Nebraska,  Aughey.] 

STRBPTOPUS ,  Michx.       Twisted-Stalk. 

S.  amplexifolius,  DC.       Twisted-Stalk. 

North  of  take  Superior,  Jtini;  Taylor's  Palls,  Miss  CatTieart;  bluffs  near  (south  of) 
SaiDt  Paul,  Jiff's.  Terry.      ftare.      North. 

S.  roseus,  Michx.       Twisted-Stalk. 

Common  north  of  lake  Superior,  Roberts;  Benton  county,  Upham;  bluffs  south  of 
Saint  Paul,  Mrs,  Terry,      North. 

ClilNTOKTIA.  Raf.        Clintonia. 

CborealiSy  Raf.       Northern  Clintonia. 

Abundant  northeastward;  extending  west  to  the  Winnipeg  valley,  Watson,  the 
sources  of  the  Mississippi,  Houghton,  and  Wadena  county.  Upham;  and  south  to  Kan- 
abec county  (com  mon).  Steams  county,  Campbell,  Minneapolis  (lare),  Roberts,  Saint 
Paul,  Miss  Cathcart,  and  the  Wisconsin  side  of  lake  Pepin,  Mrs,  Ray, 

SMILACINA,  Desf.       False  Solpmon's  Seal. 

S.  racemosa.  Desf.        False  Spikenard.    False  Solomon's  Seal. 
Common,  or  frequent,  throughout  the  state. 

S.  stellata,  Desf.        False  Solomon's  Seal. 
Also  common,  or  frequent,  throughout  the  state. 

S.  trifolia,  Desf.        Three-leaved  False  Solomon's  Seal. 

Frequent  through  the  north  half  of  the  state;  extending  south  at  least  to  Minne- 
apolis, Roberts,  and  Fergus  Falls,  Leonard, 

MAIANTHEMUM,  Weber.       False  Solomon's  Seal 

M •  Canadens e,  Desf.  (Smilacina bifolia ,  Eer. ,  var.  Canadensis,  (Tray. )      Two- 
leaved  False  Solomon's  Seal. 
Common  throoghout  the  state. 

lOF 
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POLYGONATUM,  Toum.       SoLOiios'd  Seal. 

P.  biflorum,  Ell,       Smaller  Solomon's  Seal. 

Frequent,  occasionally  common,  throughout  most  of  the  state  ;  extending  north  to 
lake  Superior,  Whitney t  and  Pembina,  Havard, 

P.  grigTAnteum,  Dietrich.       Great  Solomon's  Seal. 

Frequent,  or  common,  throughout  the  state.  ( Hr.  LewU  Foote  remarks  that  these 
species  are  not  separable  in  their  varying  forms,  but  seem  to  constitute  a  single  poly- 
morphous species.) 

ASPARAGUS,  L.       Asparagus. 

A.  officinalis f  L.        Garden  Asparagus, 

Adventive  :  Minneapolis  ;  Cannon  Kiyer  Falls  ;  lake  Pepin  ;  Blue  Earth  county; 
New  Ulm. 

LILIUM,  L.       Lilt, 

Li.  Philadelphicnm,  L.       Wild  Orange-red  Lily. 

Generally  common,  or  frequent,  throughout  the  state  ;  especially  in  Sherburne  and 
Todd  counties,  in  the  Red  river  valley,  and  thence  south  to  Iowa. 

Li.  Canadense,  L.       Nodding  Wild  Yellow  Lily. 

Common  throughout  the  east  half  of  the  state  ;  less  frequent  in  the  Red  river  valley ; 
rare  southwestward. 

L.  superbum,  L.        Turk's-cap  Lily.     "  Wild  Tiger-Lily." 

Upper  Mississippi  river,  Qarrison;  Minneapolis,  Twining^  S\mmon8\  Excelsior,  Hen- 
nepin county,  Mtb.  Terry  ;    Nicollet  county,  AiUm;  Martin  county,  Qedge  ;    Cannon 
River  Falls,  BIoTce,  Saiy^trg  ;  lake  Pepin,  Miss  Manning  \  Hesper,  Iowa,  JIfrs.  Carter, 
Infrequent.      South. 

ERYTHRONIUM,  L.       Addbr's-Tongue.    Dog's-tooth  Violbt. 

£•  Americanum,  Smith.        Yellow  Adder's-tongae  or  Dog's-tooth  Violet. 
Saint  Paul,  Miss  Catlicart;  Lake  City,  Mrs.  Ray;  Winona,  HoUinger;  plentiful  lo- 
cally near  Hesper.  Iowa,  Mrs.Carter;  BlvLQ  Earth  county,  Leiberg,    [Lake  Superior, 
Whitney;  Nebraska,  Aughey.}      Infrequent.      East  and  south. 

B.  albidum,  Nutt.        White  Adder's- tongue  or  Dog's-tooth  Violet. 

Common,  often  abundant, southeastward  ;  less  frequent,  or  rare,  southwestward; 
extending  north  to  St.  Croix  Falls,  Miss  Fielcf,  Stearns  county,  CampbelhAud  Brown 
county,  Juni. 

E.  ppopullans.  Gray.*       Adder's-toDgue.    Dojf's- tooth  Violet. 

Faribault  (abundant),  Mis8  Beane ;  described  and  figured  by  Professor  Oray  in  the 
•  American  Naturalist^  vol.  v,  pp.  298-900,  July,  1871,  from  specimens  "collected  at  Fari- 
bault, Minnesota,  by  Jfrs.  Mary  B.  Hedges,  the  teacher  ot  botany  in  St.  Mary*s  Hall." 

*£bythroniuii  pbofullans,  Gray.  The  flower  is  much  smaller  than  that  of  any 
other  known  species,  being  barely  half  an  inch  long  ;  and  its  color,  a  bright  pink  or 
rose,  like  that  of  the  European  E.  Dens-Canis.  reflects  the  meaning  of  the  generic 
name  (viz.,  red),  which  is  lost  to  us  in  our  two  familiar  Adder-tongues,  one  with  yel- 
low, the  other  with  white,  blossoms.  The  most  singular  peculiarity  of  the  new  species 
is  found  in  the  way  in  which  the  bulb  propagates.  In  £.  Dens-Cauls  new  bulbs  are 
produced  directly  from  the  side  of  the  old  one,  on  which  they  are  sessile,  so  that  the 
plant  as  it  multiplies  forms  close  clumps.  In  our  E.  Americanum  long  and  slender  off- 
shoots, or  subterranean  runners,  proceed  from  the  base  of  the  parent  bulb  and  develop 
the  new  bulb  at  their  distant  apex.  Our  western  E.  albldum  does  not  differ  in  this  re- 
spect.   In  the  new  species  an  offshoot  springs  from  the  ascending  slender  stem,  or  sub- 
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CABIASSIA^  Lindl.       Quamash. 

C.  Fraseri,  Torr.    (Scilla  Fraseri,  Gray.)       Eastern  Qaamafih.    Wild  Hya- 
cinth. 
Blue  Earth  county,  Leiberg;  Martin  county,  Cratty,      Soutb. 

ALLIUM,  L.       Onion.    Gaulic. 

A;  tricoccam,  Ait       Wild  Leek. 

Throughout  the  state,  excepting  perhaps  far  northward;  but  mostly  Infrequent  or 
rare .  Minnesota  and  St.  Croix  rivers,  Parry ;  upper  Mississippi  river.  Garrison;  Fer- 
gus Falls,  Leonard ;  Minneapolis,  W,  H,  Hatch,  Roberts;  Goodhue  county,  Sandherg; 
Blue  Earth  county,  Leiberg;  New  Ulm,  Juni;  Martin  and  Nobles  counties,  CMge.  [Em- 
met county,  Iowa  (very  rare),  Cratty  ;  lake  Superior,  Whitney] 

A.  cernaaniy  Roth.       Wild  Onion. 

Common  throughout  the  prairie  portion  of  the  state ;  also  found  at  the  lake  of  the 
Woods,  Dawson.  (The  umbel  is  reflexed  until  flowering,  but  then  usually  becomes 
erect.) 

A«  stellatuiD,  Fras.       Wild  Onion. 

Upper  Minnesota  river,  Oeyer;  Tracy,  Lyon  county,  (^dge;  Minneapolis,  Gristoold; 
lak e  Pepin ,  MissM anning ;  Stearns  county,  Garrison ;  Alexandria,  Mrs.  Terry .     Rare. 

A.  reticalatain,FrH8.*       Wild  Onion. 

Red  river  valIey,Scott,  determined  by  Mr,  Sereno  Watson. .     West. 

A .  Schoenoprasum ,  L.       Chives . 

Northeancward.  Clarh;  Stearns  county,  Mrs.  BlaisdeU;  xxpper  Mississippi  river,  Gar- 
rison. [Manitoba,  Maeoun.]      North. 

A.  Oanadense,  Kalm.       Wild  Garlic. 

Common  or  frequent,  through  the  south  part  of  the  state  :  extending  west  to  Wor- 
thlngcon,  Foote,  and  Pipestone  county,  Mrs,  Bennett,  and  north  to  Minneapolis  and 
Big  Stone  lake,  Upham. 

JUNCACE^.        Rush  Family. 

LUZULA,  DC.        WooD-RuflH. 

L.  pilosa,  Willd.       Wood-Rash. 

Lake  Pepin ,  Miss  M anning,   r Man itoba,  M  aeoun .  ]   Probably  common  northward . 

terranean  sheathed  portion  of  the  scape  (which  is  commonly  five  or  six  inches  long), 
remote  from  tbe  parent  bulb,  usually  about  mid-way  between  it  and  the  bases  or  ap- 
parent insertion  of  the  pair  of  leaves :  this  lateral  offshoot  grows  downward,  some- 
times lengthening  as  in  the  foregoing  species,  sometimes  remaining  short,  and  its  apex 
dilates  into  the  new  bulb.  .  .  .  Scape  bulbiferous  from  its  sheathed  portion  below 
the  developed  leaves ;  these  oblong-lanceolate,  acuminate,  slightly  mottled  ;  perianth 
rose-purple  or  pink  (half  an  inch  long) ;  the  segments  acute,  all  with  a  yellow  spot  but 
plane  at  the  base,  the  loner  like  the  outer  destitute  of  either  groove  or  tooth-Mke  appen- 
dages, bat  a  little  more  narrowed  at  base ;  anthers  merely  oblong ;  style  hardly  at  all 
narrowed  downward,  entire,  the  small  stigma  even  bart^ly  three-lobed;  ovules  few 
(4  to  6)  in  each  cell.    Gray  In  American  NaturaUsU  vol.  v. 

*Allivm  BKTicuLATiTM,  Fras.  Goats  densely  fibrous  ;  scape  3  to  8  inches  high,  sab- 
terete  ;  leaves  very  narrowly  linear,  elongated  ;  spathe  usually  2-va1ved  ;  umbel  many- 
flowered,  spreading  :  pedicels  usually  short  (2  to  6line<t  long) ;  staroeoaand  style  shorter 
than  the  usually  acute  (3  to  4  lines  long)  white  or  slightly  pinkish  sepals ;  crest  mostly 
short.  Watson's  Revision  of  Allium  in  King^s  Expl.  of  the  Fortieth  ParaUel,  and  his 
Revieion  of  the  Iforth  American  lAliaeeoB,  Proc.  Amer.  Acad.,  xiv. 
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L.  spadicea,  DC,  var.  melanocarpa,  Meyer.  (L.  parriflora,  Desv.,  var. 
melanocarpa,  Gray.)       Wood-Rush. 
Frequent  along  the  northern  boundary  or  Minnesota,  Mctcoun, 

li.  campestriSy  DC.       Wood-Rash. 

Throughout  the  state.    Upper   Mississippi  river,   Oarrison;  Anoka  county,  etc. 
Upham;  lake  Fepln,  Miss  Manning;  Emmet  county,  Iowa  (very  rare),  Cratty. 

JTJNCUS,  L.       Rush.    Bog-Rtjsh. 

J.  elfusus,  L.        Common  or  Soft  Rash. 

Throughout  the  state.  Lapfiam.  Lake  Fepln,  Miss  Manning.  [North  of  lake 
Superior,  Agassiz;  Manitoba,  Mcuoun,] 

J.  iiliformis,  L.       Bo(?-Rush. 

Lapnam,  Lake  Fepln,  Jfiss  Jlfannin(]r.  [Manitoba,  Jfa^oun;  Nebraska,  ^ua'iey.] 
Throughout  the  state,  chiefly  northward. 

J.  Balticus,  Dethard.       Bog-Rush. 

Lapham.  Femblna,  ClUckering  ;  Red  river  country  generally,  Dawson,  [North 
of  lake  Superior,  Agassiz ;  Emmet  county,  Iowa  (rare),  Cratty.]  Throughout  the  state , 
chiefly  northward. 

J.  Balticus,  Dethard,  var.  montanus,  Engelm.*       Bog-Rush. 
Lake  of  the  Woods,  Dawson^  Macoun,      West. 

J^.  bufoniuSy  L.       Bog-Rush. 

Lake  Fepln,  Miss  Manning;  lake  of  the  Woods,  Af ocoun.  [James  river,  Dakota, 
Oeyer.]      Infrequent. 

[J.  styglus,  L.,  and  J.  Gerardi,  Lolsel,  should  be  looked  for  In  Minnesota  north  of 
lake  Superior.] 

<!•  tenuis,  Willd.       Bog-Rush. 

Ck)mmon,  or  abundant,  throughout  the  state. 

<J*  tenuis,  Willd.,  var  congrestus,  Engelm.       Bog- Rush. 

Blue  Earth  county.  Leiberg^  determined  by  WaZson.  Southwest.  [Branches 
contracted  Into  a  head,  and  flowers  darker-colored.  Eingelmannt  Trans,  Acad,  ^ct. 
Saint  Louis,  vol.  11.] 

J.  Vaseyi,  Engelm.       Vasey's  Bog- Rush. 

Steele  county,  Upham ;  lake  Superior  and  Manitoba,  Maxoun ;  probably  occurring 
throughout  Minnesota. 

J.  pelocarpus,  E.  Meyer.       Bog- Rush. 

Lapham.      St.  Croix  river,  Parry ;  lake  Fepln.  Miss  Manning. 

J.  alpinus,  Yillars,  var.  insignis.  Fries.       Bog-Rush. 

North  shore  of  lake  Superior,  Juni ;  lake  of  the  Woods,  Dawson,  Macoun,     North. 

J.  acumiuatus,  Michx..  var.  legritimus,  Engelm.        Bog- Rush. 

Lapham.  [North  of  lake  Superior,  Agassiz ;  Manitoba,  Macoun ;  Devil's  lake, 
Dakota,  Oeyer.]      Throughout  the  state. 

*JUNCU8  Balticus,  Dethard,  var.  i[0NTA2<ufl,Kngelmann.  Sepals  nearly  of  the 
same  length,  the  minor  ones  sometimes  more  obtuse  ;  anthers  four  times  longer  than 
the  filament ;  capsule  ovate -pyramidal,  angled,  beaked  ;  seeds  smaller,  narrower  and 
longer  pointed  fhan  in  the  eastern  form.  Watson's  Rep.  in  King's  Expl.  of  the  Fortieth 
Parallel, 
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J.  nodosns,  L.       Bog-Rush. 
Common  throughout  the  state. 

J*  nodosus,  L.,  yar.  megacephalns,  Torr.        Bog-Rash. 

Common  In  Martin  county ^  and  in  Bmmet  county,  Iowa,  CrcUty;  Manitoba,  Macoun; 
probably  throughout  the  state. 

J.  CanadeusiSy  J.  Q&y,  var.  longricaudatus,  Engelm.       Bog-Rash. 

Minneapolis.  SimmoM;  Blue  Earth  county,  Leiherg.  Through  the  south  part  of 
the  state. 

J.  Canadensis,  J.  Gay,  var*  coarctatus,  Engelm.       Bog-Rush. 
North  of  lake  Superior,  Juni.    [Manitoba,  Macoun]      North. 

PONTEDERIACEiE.        Pickerbl-Webd  Family. 

PONTEDEEtIA,  L.       PickebbitWebd. 

P.  cordata,  L.       Pickerel- Weod. 

Lake  Pepin,  Mist  Manning ;  White  Bear  lake,  Ramsey  county,  Simmtms^  Kelley; 
lake  Minnetonka,  also  in  Douglas  county.  Mrs,  Terry;  pond  in  section  23,  Burns,  Anoka 
county,  Roberts;  Steams  county,  Campbell,      Infrequent. 

SGHOLLERA,  Schrebex.        Watbr  Star-orabs. 

S.  graminifolia^  WUld.        Water  Star-grass. 

White  Bear  lake,  Kamsey  county,  Simmons;  lake  Minnetonka,  Roberts,  Miss  Butler; 
Blue  Earth  couuty,  Leiberg.      South. 

COMMELYNACEJE.        Spidbrwort  Family. 

TRADESCANTIA,  L.       Sfiderwort. 

T,  Tirgrinica,  L.       Common  Spiderwort. 

Common,  often  abundant,  through  the  south  half  of  the  state ;  extending  northeast 
to  the  upper  Mississippi  river,  and  north  to  lake  Wlnulpeg,  Watson,  Southwestward 
the  flowers  are  often  seen  varying  from  the  ordinary  blue  to  purple  and  pink. 

XYRIDACEiE.        Tbllow-eybd-grass  Family. 

XYRIS9  L.       Ykllow-byed  Gram. 
X.  ileicuosa,  Muhl.       Yellow-eyed  Grass. 

Sandy  lake,  about  three  miles  north  of  East  Minneapolis,  Roberts;  also  collected 
near  Minneapolis  by  Mr,  Kassube;  White  Bear,  Ramsey  county,  Miss  Field,      Bare. 

ERIOCAULONACEJE.        Pipewort  Family. 

ERIOCAXJLON,  L.       Pipewort. 

£.  septangrulare.  With.       Pipewort. 

Lake  Agnes,  Alexandria,  Douglas  county,  Mrs,  Terry,      Rare. 
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CTPERACEiE.        Sedge  Family. 

CYPERUS,  L.       Galinoalk. 

C.  diandrus,  Torr.,  var.  castaneus,  Torr.  (G.  rivularis,  Eonth.)       Galin- 
gale. 

Common  through  the  south  half  of  the  state ;  extending  north  at  least  to  the  upper 
Mississippi  river,  QarrUon. 

C.  erythrorrhizos,  Mahl.    Galingale. 

Lapham.       [In  Mlohlgan,  Wisconsin  and  Nebraska.]      Infrequent.       South. 

€•  aristatuSy  Rottb.    (C.  inflexus,  Mahl.)       Galingale. 

St.  Croix  river,  Parry;  Minneapolis,  Kassube,  Simmons;  Blue  Earth  county,  Leiberg. 
[Manitoba,  Macount  (lake  Winnipeg)  WaUon;  Emmet  county,  Iowa  (rare),  OraUy.  ] 
Throughout  tbe  state. 

€•  esculentus,  L.  (C.  phymatode?,  Muhl.)       Galingale.    Nut-Grass. 

Lapham,  Blue  Earth  county,  Leiberg;  Cannon  Blver  Falls,  Blake,  Sandherg; 
Minneapolis,  Simmons.      South. 

€.  strig^osos,  L.       Galint^ale. 

Common  throughout  the  state,  excepting  perhaps  northeastward.  (Specimens 
apparently  referable  to  this  species,  collected  by  Mr.  Simmons  near  lake  Calhoun,  In 
Minneapolis,  have  only  8-  to  l2-flowered  spikes,  scarcely  a  half  inch  long,  arranged  In 
densely  crowded  splcate  clusters,  the  lower  portions  of  which  are  sometimes  compound. ) 

€•  Michauxianus,  Schaltes.       Galiguale. 

Lapham,  Blue  Earth  county,  Leiberg,  Probably  frequent,  or  common,  through 
the  south  part  of  the  state. 

C.  Schweinitzii,  Torr.       Galingale. 

Throughout  the  south  half  of  the  state  and  in  the  Red  river  valley.  Sandy  ridges, 
St.  Croix  river,  Parry;  Minneapolis  (common),  Kassube,  Upham;  Blue  Earth  county, 
Leiberg,   [Emmet  county,  Iowa  (very  rare)  Cratty;  Devil's  lake,  Dakota,  Oeyer,] 

C.  iiliculmis,  Vahl.       Galingale. 

Common,  or  frequent,  throughout  the  state,  excepting  perhaps  northeastward. 
Upper  Mississippi  river,  Houghton;  Minnesota  river,  Parry;  Minneapolis,  Kassuhe, 
Simmons,  Upham;  Blue  Earth  county,  Leiberg,   [Manitoba,  Macoun.] 

DULICHIUM,  Richard.       Dulichium. 

D.  spathaceum,  Pers.       Dulichium. 
Common,  or  frequent,  throughout  the  state. 

HEMICARPHA,  Nees.       Hbmicabpha. 

H.  subsqiiarrosay  Nees.        Hemicarpha. 

Lapham,  Blue  Earth  county,  Leiberg;  Minneapolis,  plentiful  beside  railroad  near 
the  University,  Arthur,  and  near  lake  Calhoun,  Simm^ons;  probably  frequent  through 
the  south  half  of  the  state. 

ELGOCH ARIS ,  R.  Br.        Spike-Rush. 

C  obtusa,  Schultes.       Spike- Rash. 

Common  through  the  south  half  of  the  state  and  in  the  Red  river  valley. 
£.  palustriSy  R.  Br.       Spike-Rush. 

Common  throughout  the  state. 
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£.  palostris,  R.  Br.,  var.  glaucescens.  Gray.       Spike- Rush. 
Minneapolis,  Kaasuhe. 

E.  conipressa,  SulllTant.       Spike-Rush. 

Blae  Earth  ooanty,  Leiberg,   [Emmet  ooaaty,  Iowa  (rare),  Cratiy.]      South. 

£.  intermedia  y  Schultes.       Spike-Rush. 

Lapham,      Blae  Earth  oounty,  Leiberti*  Probably  throughout  the  state. 

£•  tenuis,  Schultes.       Spike-rush. 

Lapham.  Blue  Earth  county  (frequent  in  peat-bogs),  Leiberg.  [Devil's  lake, 
Dakota,  Qeyer,] 

£•  acieuiariSy  R.  Br.       Spike-Rush. 

Common  throughout  the  state.  • 

E.  Wolfti/  Gray.        Wolf  V  Spike-Rush, 

Collected  by  Mr.  R,  L  Cratty  on  wet  prairies  in  Emmet  county,  Iowa,  adjoining  the 
south  line  of  Martin  and  Jackson  counties  in  Minnesota,  where  It  may  also  be  confi- 
dently looked  for ;  determined  by  if  r.  WHUam  BooU, 

£.  pauciflora,  Watson.    (Scirpns  pauciflorus,  Lifirhtfoot.)       Spike- Rush. 
Lake  Superior  and  lake  of  the  Woods,  Macoun,      North. 

SGIRPUS,  L.       BuLHUSH  or  Club-Rush. 

S.  csespitosnSy  L.        Bulrush  or  Club-Rush. 

North  and  northwest  of  lake  Superior,  Macoun;  doubtless  in  northern  Minnesota. 

S.  pungrens,  Yahl.        Bulrush. 

Common  throughout  the  state,  excepting  perhaps  northeastward. 
»•  Torreyi,  Oiney.       Torrey's  Bukush. 

Lapham,      Infrequent. 
8.  lacustris,  L.    (S.  ralidns,  Yahl.)         Great  Bulrush.    '*  Black  Rush.'' 
[**Tale'*  in  California  (S.  lacustris,  L.,  var.  occidentalis,  Watson).] 

Abundant  throughout  the  state.  "In  common  use  among  the  Indians  for  making 
mats."  Parry. 

S.  debilis,  Pursh.       Bulrush. 

Lapham,  [Also  in  the  Wisconsin  catalogue,  probably  on  Dr,  Lapham'B  authority  ; 
and  In  Nebraska,  Aughey.l 

[S.  maritimus.  L.,  was  collected  by  Qeyer  at  Devirs  lake  and  on  the  Sheyenne  and 
James  rivers,  in  Dakota.   It  will  probably  be  found  in  the  Bed  river  valley  in  Minnesota.] 

S.  iiayiatilis.  Gray.       River  Club- Rush. 

Through  the  south  half  of  the  state,  and  in  the  Bed  river  valley.  Minneapolis, 
Roberts;  Blue  Earth  county,  Leiberg;  Emmet  county,  Iowa  (common),  Cratty;  Pembina, 
Chickering, 

*£lbochari8  Wolfii.  Gray.  Rhizomes  very  small,  creeping,  perennial,  forming 
small  scattered  tufts;  culm  a  foot  high,  slender,  pale-glaucescent,  striate,  two-edged, 
one  side  flat,  the  other  convex ;  sheath  obliquely  truncate,  hyaline  above  :  spike  ovate  • 
oblong,  acute :  scales  oblong-ovate,  obtuse,  scarious,  pale  purple ;  style  3-parted ; 
achenium  pyrlform,  shining,  having  about  9  nearly  equidistant  obtuse  ribs,  with  trans- 
verse wrinkles  between;  tubercle  small,  depressed,  truncate,  more  or  less  apiculate  ; 
bristles  of  the  perigynium  [always?]  none.— [First  known  from  Illinois.]  The  spike,  as 
to  form  and  imbrication  of  the  scales,  is  much  as  in  E.  tenuis  and  K.  aelcularis,  etc. ;  but 
the  achenium,  with  its  several  longitudinal  ribs  and  delicate  transverse  llneation,  is 
upon  the  plan  of  E.  aelcularis.  This  renders  the  species  a  very  peculiar  and  distinct 
one.  Oray,  Proc,  Amer.  Acad.^  vol.  x,  p.  77,  as  translated  by  Arthur^  Contributions  to 
the  Flora  of  Iowa,  No,  VL 
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S.  sylvaiicuSy  L.,  var.  digrynus,  Boeck.  (S.  microcarpus,  Presl.)       Balnisfa. 
Lapham.      Pine  county,  etc.,  Upham. 

S.  atrovirens,  Muhl.       Bnlraeb. 

Common  throughout  the  state.  {Mr.  JLeiherg  reports  In  Blue  Barth  county,  besides 
the  type,  a  variety  with  the  heads  less  densely  clustered  than  usoal,  forming  a  compound 
panicle.) 

S*  polyphyllus,  Vahl.       Bulrush. 
Isanti  county,  Upham.      South. 

S*  lineatus,  Michz.       Bulrush. 

Blue  Earth  county,  Leiberg;  Minneapolis,  Simmons,      South. 

S.  Eriophorum,  Michx.       Wool-Orass. 

Frequent  throughout  the  state,  excepting  perhaps  south  west  ward.  Blue  Earth 
county,  Leiberg;  Minneapolis,  Simmons^  Kassube;  Todd  county,  etc.,  Upham;  lake  of 
the  Woods,  Dawson,  Maeoun.   [North  of  lake  Superior,  Agassiz,] 

ERIOPHORUM,  L.       Cotton-Grass. 

E.  alpinum,  L.       Alpine  Cotton-Grass. 
North  of  lake  Superior,  Juni. 

E.  vaginatum,  L.       Sheathed  Cotton-Grass. 

Throughout  the  state,  exceptiug  far  southward.  Blue  Earth  county,  Leiberg;  Min- 
neapolis, Kassube;  Ano'ka  county,  Junf;  Chisago  county  (frequent),  Upham.  [Manitoba, 
Ma£0un.  \ 

[E.  Virglnioum,  L.,  doubtless  will  be  found  in  this  state,  but  has  not  yet  been  re- 
ported.  It  occurs  in  Wisconsin,  Nebraska  and  Manitoba.] 

E.  polystachyum,  L.       Many-stemmed  Cotton-Grass. 

Common,  or  frequent,  through  the  south  half  of  the  state,  and  perhaps  farther  north. 
Anoka  county,  Juni;  Minneapolis,  Herrick,  Simm^ons;  Blue  Barth  county,  Leiberg; 
Emmet  county,  Iowa  (common),  Cratty.  It  has  been  noted  in  its  var.  anoustifouum. 
Gray,  at  Minneapolis,  Kassube,  and  In  Steele  county,  Upham. 

E.  polystachyum,  L.,  var.  latifoliuni.  Gray.       Cotton-Grass. 

Minneapolis,  Upham;  and  probably  extending,  with  the  var.  angustifolium,  through 
the  south  half  of  the  state. 

E.  grsLcUe,  Eoch,  var.  paucinervium,  En^elm.       Graceful  Cotton-Grass. 
Throughout  the  state.   Chisago  county  (frequent),  and  Sherburne  county.  Upham; 

Minneapolis,  Simmans;  Blue  Earth  county,  Leiberg.  [Manitoba,  MOiCoun;  Emmet  county, 
Iowa  (rare),  Cratty.] 

FIMBBIST YJL.IS ,  Vahl.       Fimbeistylib. 

F.  capillaris.  Gray.        Pimbristylis. 
Lapham.      Ibfrequent.      South. 

RHYNCHOSPORA,  Vahl.       Beak-Rush. 

R.  alba,  Vahl.       Beak-Rush 
Lapham,      Infrequent.      South. 

R.  capillacea,  Torr.       Beak-Rush. 

Blue  Earth  county,  Leiberg,      Infrequent.      South. 

[Cladium  mariseoides,  Torr.,  should  be  looked  tor  in  southern  Minnesota.] 
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SCLEBIA,  L.       Nut- Rush. 

S.  trigrlomerata,  Michx.       Nut- Rush. 
LapTiam.      Infreqaent.       South. 

S.  verticillata,  Muhl.       Nut-Rush. 

Blue  Earth  county,  Leiberg,      Bare.      South. 

OAREX,  L.       Sedgb. 

C.  scirpoidea,  Michx.       Sedge. 

Port  Arthur,  and  "northwest  angle"  of  the  lake  of  the  Woods,  M aeoun.      North . 

C.  polytrichoides,  Muhl.       Sedge. 

Little  Marals,  lake  Superior,  Juni.    Probably  common  throughout  the  state . 

C.  Backii,  Boott.       Back's  Sedi^e. 
Minneapolis,  Juni.       North. 

C.  siccata,  Dew.       Sedge. 

Throughout  the  state,  but  infrequent.  Lapham,  Minneapolis,  K(M9ube;  Emmet 
county,  Iowa  (very  rare),  Cratty, 

C.  disticha,  Huds.       Sedge. 

Throughout  the  state.  Minneapolis,  Juni,  Kassube;  Emmet  county,  Iowa  (common) 
Cratty. 

C.  teretiuscula,  Good.       Sedge. 

Throughout  the  state.   Minneapolis,  Juni;  Blue  Earth  county,  Lciberg . 

C.  teretluscula,  Good.,  var.  ramosa,  Boott.*       Sedge. 
Emmet  county,  Iowa  (frequent),  Cratty;  doubtless  also  in  Minnesota. 

C.  vulpinoidea,  Michx.       Sedge. 

Common  throughout  the  state.  Minneapolis,  Juni;  Blue  Earth  county,  Ltihtrg- 
common  In  Martin  county,  and  in  Emmet  county,  lewa,  Cratty, 

C  crus-corvi,  Shuttleworth.       Sedge. 
Blue  Earth  county,  Lelberg.      South. 

€•  stipata,  Muhl.       Sedge. 

Common  throughout  the  state.  Moose  Lake,  C^rltou  county,  Juni;  Blue  Earth 
county,  Leiberg. 

C.  conjuncta,  Boott.       Sedge. 

Minneapolis,  JuT»(,£^aMu2>e.      Southeast. 

€ .  Douglasii,  Boott.f       Douglas's  Sedge. 

Red  nver  (open  pralrie>,  **this  is  the  first  Carex  to  appear  in  flower,  and  occurs  very 
abundantly  all  over  the  prairie  of  the  Red  river,*'  Dawaon,  Macoun,      West. 

*OABax  TBBETiDSCXJLA,  Good..var.  BAMOSA,  Boott.  (C.  prairlea,  Dew.)  Spike  below 
branched ;  spikeleta  ovate,  sessile,  6  to  7  on  a  branch ;  perigynlum  ovate-lanceolate, 
convex  both  sides,  scabrous  on  the  margin,  slightly  bifid,  smaller  than  the  ovate-lance- 
olate glume  :  stem  2  to  3  feet  high,  leafy  towards  the  base.    Wood's  dass-BooH, 

tCABKX  DouGLASxi,  Boott.  Splkc  dioecious,  with  about  twelve,  sometimes  more, 
ovate  spikelets,  the  upper  closely  aggregated,  the  lower  occasionally  remote  and  com- 
pound ;  bracts  sometimes  setaceous,  broad  at  base,  sometimes  scale-like  and  mucro- 
nate ;  style  exserted ;  stigmas  2,  very  long ;  perigynlum  elliptic- lanceolate  or  ovate, 
tapering  to  a  long  serrated  bifid  beak,  shorter  than  the  lanceolate  acute  scale ;  ache- 
nium  orbicular.  Root  creeping ;  culm  6  to  12  inches  high.  Olney  in  BoL  Hep.  of  King^s 
Exph  of  the  Fortieth  Parallel, 
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O.  marcida,  Boott.*       Sedge. 

Red  river  (open  prairie  swamp),  DatMon,  Maeoun.      West. 

C.  cephaloidea,  Boott.       Sedge. 

Throughout  the  state,  eicepting  perhaps  northeastward.  Frequent  in  Martin 
county,  and  in  Emmet  county,  Iowa,  CraUy;  swamps,  "northwest  angle"  of  lake  of  the 
Woods,  Macoun. 

C.  cephalophora,  Mabl.       Sedge. 

Common,  or  frequent,  through  the  south  part  of  the  state.  Blue  Earth  county, 
Leiberg. 

€•  Muhlenbergrii*  Schk.       Sedge. 

Lapham.      Ghaska,  Carver  county,  Junl.       Rare.      South. 

C.  rosea,  Schk.       Sedge. 

Common,  or  frequent,  throughout  the  state.  Red  river  (swamp),  Dawsofit  Maeoun; 
Minneapolis,  Juni,  Kcuaube;  Blue  Earth  county,  Leiberg;  Hesper,  Iowa  (frequent),  Mrs, 
Carter;  Martin  county,  and  Emmet  county,  Iowa  (common),  Cratty. 

€.  chordorhiza,  Ehrh.       Sedge. 

Throughout  the  state,  but  infrequent.  [North  of  lake  Superior  (at  Fort  William), 
Macoun;  Emmet  county,  Iowa,  Arthur.} 

C.  tenella,  Schk.       Sedge. 

Throughout  the  state,  excepting  far  southward.    Minneapolis,  Juni,  Kadsuhe. 

C.  trisperma.  Dew.        Sedge. 

Range  like  the  last.       Put  in  bay,  lake  Superior,  Juni, 

C.  tenuiilora,  Wahl.       Sedge. 

Range  like  the  two  preceding.   Minneapolis,  Juni^  Herrich. 

C.  canescens,  L.       Sedge. 

Throughout  the  state  :  common  northward,  less  frequent  southward.  Blue  Earth 
county,  Leiberg, 

C.  canescens,  L.,  var.  alpicola,  Wahl,  (var.  vitilis,  Carey.)       Sedge. 
Agate  bay,  lake  Superior,  Juni,      North. 

C.  arcta,  Boott.f       Sedge. 

Lake  Superior,  Rainy  lake,  and  lake  of  the  Woods,  Richardson,  Boott.      North. 

*Garbx  uabcida,  Boott.  Spike  oblons,  pale,  composed  of  numerous  small  ovate 
aggregated  androgynous  splkelets,  staminate  at  top,  the  lower  spikelets  compound  ; 
stigmas  2  ;  perigynium  tawny,  suborbicular,  or  ovate  tapering  to  a  bifid  beak,  plano- 
convex, nerved,  winged,  the  upper  margins  serrated,  short-stipitate,  nearly  equal  to  the 
acute  ovate  sc^le,  which  is  of  a  pale  straw-color,  with  a  white  membranous  margin; 
achenium  tawny,  lenticular,  contracted  at  base.  Culm  1  to  2  feet  high,  rigid ;  leaves 
broad,  linear,  erect.    Olney  in  Bot.  Rep,  of  King^a  Expl,  of  the  Fortieth  ParaUel. 

tCABBx  ABCTA,  Boott.  Spike  obloug,  capitate,  pale,  of  8  to  14  spikelets,  which  are 
oblong  and  obtuse,  androgynous,  at  the  base  sparingly  staminate,  many-flowered, 
closely  crowded,  the  lower  bracteate  ;  bracts  bristle-shaped,  dilated  at  the  base,  longer 
than  the  spikelets ;  stigmas  2 ;  perigynia  ovate,  acuminate-beaked,  with  the  minute 
orifice  emarginate  and  deeply  cleft  on  the  outer  side,  serrate  above  on  the  sharp  mar- 
gins, on  the  outer  side  slightly  nerved,  on  the  Inner  more  sparingly  or  obsoletely  nerved, 
spreading,  pale-green,  at  length  becoming  rusty  above,  membranaceous,  at  the  base 
thickly  spongy ;  longer  than  (and  as  broad  as)  the  scale,  which  is  ovate,  acute  and 
mucronulate,  whitish  or  rusty-oolored,  with  a  greenish  margin  and  a  green  mid-nerve. 
.  .  .  Culmsomewhatlessthanafoothigh,  sharply  triangular,  rather  stout,  upwardly 
roughish,  leaved  at  the  base.  Leaves  l  to  1%  lines  wide,  flat,  with  a  prolonged-tapering 
tip,  longer  (often  much)  than  the  culm.    Bracts  at  their  base  broadly  dilated,  bristle- 
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C.  Deweyana,  Schw.       Sedgfe. 

Throughout  the  state.    Agate  bay,  lake  Superior,  Juni;  Spirit  Lake,  Iowa,  Arthur, 

C  echinata,  Murr.  (C.  stellulata.  Good.)       Sedfi^e.    * 

Throughout  the  state.  North  of  lake  Superior,  AqobHz;  Manitoba,  Macoun;  Emmet 
county,  Iowa,  CraUy,  Arthur. 

G.  echiuata,  Murr.,  var.  microcarpa,  Boeck.   (C  stellulata,  Good.,  var. 
scirpoides,  Carey.)       Sedg^e. 
Minneapolis,  Juni,  Kasaube;  Emmet  county,  Iowa  (frequent),  CrcUty. 

C  arida,  Schw.  &  Torr.       Sedge. 

Throughout  the  state,  but  Infrequent.  [Near  Winnipeg,  Manitoba,  Macoun;  upper 
Missouri  river,  Oeyer.] 

€•  scoparia,  Schk.       Sedge. 

Common  throughout  the  state.    Minneapolis,  Juni;  Blue  Earth  county,  Leibeirg. 

C.  lagropodloides,  Schk.       Sedge. 

Common,  or  frequent,  throughout  the  state.  Lapham,  Savannah  river,  Hough- 
ton;  Agate  bay,  lake  Superior,  Juni. 

O.  cristata,  Schw.       Sedge. 

THroughout  the  state,  excepting  perhaps  northeastward.  Blue  Earth  county.  Lei- 
herg;  Emmet  county,  Iowa  (rare),  CreUty, 

C  adusta,  Boott.       Sedge. 

Throughout  the  state,  but  rare.  Ked  river  valley,  at  Pembina,  Dawson;  Minneapolis, 
KoMube, 

<J.  straminea,  Schk.    (Including  vars.  typica,  tenera,  aperta  and  festucacea, 
Boott.)       Sedge. 
Throughout  the  staie.    St.  Louis  river,  Houghton;  Pembina,  Dawson;  Minneapolis, 
Kassube;  Blue  Earth  County,  Leiberg. 

C.  straininea,  Schk.,  var.  Crawei,  Boott  (vars.  hyalinaand  Meadii,  Boott.) 
Sedge. 
Common  in  Emmet  county,  Iowa  (on  the  southern  boundary  of  Minnesota),  Cratty. 

V.  vulgaris,  Fries.        Sedge. 

Throughout  the  state,  excepting  perhaps  far  southward.  Minneapolis,  Juni;  Blue 
Earth  county,  Leiberg, 

C.  aquatilis,  Wahl.       Sedge. 

Kange  like  the  last.      Lapham.      Minneapolis,  also  New  Ulm,  Juni. 
€•  stricta.  Lam.    (^q  Botanical  Gazette  for  Sept.,  1884.)       Sedge. 

Common  throughout  the  state.  Agate  bay,  lake  Superior,  Juni;  Red  river,  Dawson^ 
Macoun;  Minneapolis,  Kassube;  Blue  Earth  county,  Letberg;  plentiful  in  Emmet 
county,  Iowa,  Cratty, 

€.  lenticnlaris,  Michx.       Sedge. 
Agate  bay,  lake  Superior,  Juni.      North. 

shaped,  the  lower  6  or  6  elongated,  the  lowest  hardly  equaling  the  spike.  Spike  10  to 
16  lines  long,  3  to  6  lines  broad.  Splkelets  5  lines  long,  2  to  2y%  lines  bro^,  dense 
flowered,  at  the  base  sparingly  staminate  but  never  narrowed  below,  all  crowded. 
Scales  similar.  Perlgynium  1.3  to  1.4  lines  lone;,  0.6  line  broad.  Achenlum  0.7  line  long, 
0.5  line  broad,  suborbicular,  prolonged  at  the  base,  plano-convex,  pale  ;  the  base  of  the 
style  enlarged.— It  differs  from  C.  canescens  and  C.  vitills  in  its  more  numerous 
spikelets,  in  their  being  capitate  and  the  lower  ones  bracted,  and  in  Its  longer  leaves. 
In  general  appearance  it  more  nearly  resembles  C.  elongata,  yet  in  the  form  and 
nervation  of  the  perigynium  it  is  far  different.    BootVs  Illustrations  of  Carex. 
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C.  crinita,  Lam.       Sed^e. 

Tbroughoat  the  state,  exeeptlog  perhaps  far  southward.  North  of  lake  Superior, 
Juni. 

C.  crinita,  Lam.,  var.  grynandra,  Schw.  &  Torr.    (C.  gynandra,  Schw.) 
Sedge. 
A^ate  bay,  lake  Superior,  Juni,      Rare. 

C.  liniosa,  L.       Sedge. 

Throughout  the  state,  but  Infrequent.  (North  of  lake  Superior  (at  Fort  WUllam), 
Macoun;  Emmet  county,  Iowa,  CraUy,  Arthur.]  • 

G  •  Magrellanica,  Lam,  (C.  irrigua,  Smith.)       Sedge. 

Throughout  t  he  state,  excepting  far  southward,  but  rare .  Put  in  bay,  lake  Superior, 
Juni. 

0.  Boxbaumii,  Wahl.       Sedge. 

Throughout  the  state.  Blue  Earth  cofinty ,  Lciberg;  Emmet  county,  Iowa  (frequent), 
jCraUy. 

C.  atrata,  L.       Sedge. 

Kakabeka  falls,  north  of  lake  Superior,  Ma/^oun;  probably  also  in  northern  Minne- 
sota. 

C.  alpina,  Swartz.       Sedge. 

Temperance  river,  lake  Superior,  Juni,      North. 

€.  aurea,  Nafct.       Sedge. 

Throughout  the  state,  excepting  perhaps  far  southward.  Lake  of  the  Woods 
(thicket),  Dawson,  Macoun;  Minneapolis,  Juni,  Kassuhe, 

[0.  aurea,  Nutt.,  var.  androgyna,  Olney,*  collected  by  Macoun  at  Thunder  bay,  lake 
Superior,  should  be  looked  for  in  northern  Minnesota.] 

C.  livida,  Willd.       Sedge. 

Greenwood  river,  lake  Superior,  Juni,      Rare.      North. 

O.  vagrinata,  Tausch.       Sedge. 

Certainly  in  swamps  in  northern  Minnesota,  Macoun,      North. 

0.  Meadii,  Dew.       Mead's  Sedge . 

Minneapolis,  Kassube.    [Manitoba,  Macoun;  Iowa,  Arthur,} 

C.  Meadii,  Dew.,  var.  Bebbii,  Arthur. f       Sedge. 

Emmet  county,  Iowa,  CraUy,  Arthur;  doubtless  also  in  Minnesota. 

*Cabsx  aurba,  Nutt.,  var.  andbootka,  Olney.  Culms  short,  more  rigid  ;  leaves 
erect,  broader ;  upper  spikes  more  closely  aggregated  and  denser  flowered,  the  upper 
spike  generally  androgynous,  having  more  or  less  fertile  flowers  at  the  top.  Olney  in 
Bot  Rep,  of  Kino*$  Expl  of  the  Fortieth  ParaileL 

tOABEX  MsAon,  Dew.,  var.  Bbbbii  (Olney).  This  was  published  in  Olney 's  Carict$ 
Bor.-Amer.,  Fasc.  1,  No.  22,  without  comments,  as  a  variety  of  C.  panlcea,  L..  and  has 
never,  I  believe,  been  described.  The  following  description  will  enable  oollectors  to 
Identify  the  plant :— Sterile  spike  with  stalk  two  to  four  times  its  length  ;  fertile  spikes 
usually  2,  erect,  remote,  slender-peduneled,  rather  loosely  flowered ;  sheaths  of  the 
foliaceous  bracts  long  and  slightly  inflated;  perigynia  and  scales  as  in  C.  Meadii,  except 
paler,  and  the  former  less  distinctly  nerved  ,*  culms  slender,  somewhat  roughlsh. — 
Resembles  C.  tetanica,  for  which  it  is  sometimes  mistaken,  in  habit  and  in  the  loosely 
flowered  fertile  spikes,  only  with  longer  peduncles,  but  C.  Meadii  in  the  perigynia  and 
scales ;  it  may  be  merely  an  attenuated  form  of  the  latter.  Moist  prairies,  IlUoois, 
Wisconsin ,  and  north  westwardly.  Arthur  in  Contributions  to  the  Flora  of  Iowa,  No.  VL 
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C  Craweiy  Dev^.       Sed(;e. 

Blae  Earth  county,   Leiherg;  Emmet  ooanty,  Iowa,  Cratty,  determined  by  Mr. 
William  Boott,   [Ifanltoba,  If acoixn.]       Rare. 

€.  granularis,  Muhl.       Sedge. 

Common  throughout  the  state.    Minneapolis,  /unt,  Kassube;  Blue  Earth  oounty, 
Ldberg, 

C.  Torreyi,Tuckerman.       Sedge. 

Minneapolis,  JunU  Kassube;  Red  river  valley,  Macoun.       North. 

<;;  •  grrisea^  Wahl.       Sedge. 

Blue  Earth  county,  Leiberg;  Martin  county,  Cratty, 

C.  Davisii,  Schw.  &  Torr.        Sedge. 

Through  the  south  part  of  the  state.   Minneapolis,  Simmons. 

C.  grracilllmay  Schw.       Sedge. 

Throughout  the  state,  excepting  perhaps  far  southward.   Minneapolis,  Juni,  Kas- 
mbe;  Blue  Earth  county,  Leiberg. 

C.  digitalis,  Willd.       Sedge. 

Minneapolis,  Juni;  north  of  lake  Superior,  Agas»iz.      Infrequent. 

C.  laxlflora.  Lam.       Sedge. 

Gommou,  or  frequent,  throughout  the  state.    Blue  Earth  county,  Leiberg, 

C.  laxiilora.  Lam.,  var.  blanda,  Boott.       Sedge. 

Jordan,  Scott  county,  Juni;  Emmet  county,  Iowa,  CrcUty.   Doubtless  other  vari- 
eties of  this  species  also  occur  here . 

C.  ebumea,  Boott.       Sedge. 

Throughout  the  state,  excepting  perhaps   southwest  ward.    Blue  Earth  county, 
Leiberg;  Emmet  ooanty,  Iowa  (rare),  Cratty, 

C.  peduiiciilata,  Muhl.       Sedge. 

Throughout  the  state.    Rainy  lalce,  Richardson^  Boott;  Blue  Earth  county,  Leiberg. 

€.  Emiuonsli,  Dew.        Emmons'  Sedge. 
Blue  Earth  county,  Leiberg,   [Manitoba,  Macoun.] 

€•  Pennsylvanlca,  Lam.       Sedge. 

Common  throughout  the  state,  excepting  perhaps  northeastward.   Minneapolis, 
Juni,  Kassube;  Blue  Earth  county,  leiberg,'  Emmet  county,  Iowa  (common),  Cratty, 

C.  varia,  Muhl.       Sedge. 

Lapham.       Infrequent. 
C  Bichardsonli,  R,  Br.        Richardson's  Sedge. 

Throughout  the  state.   Minneapolis,  Juni.  (frequent)  Kassube;  Blue  Earth  county, 
Leiberg. 

€.  pubeKScens,  Muhl.        Sedge. 

Through  the  south  part  of  the  state.    Minneapolis,  Juni,  Kassube;  Blue  Earth 
county,  Leiberg, 

C.  mlliacea,  Muhl.       Sedge. 

Range  lilce  the  last.    Minneapolis,  Juni,  Kassube. 
€•  arctata,  Boott.       Sedge. 

Agate  bay.  lake  Superior,  Juni,      Infrequent. 
C.  capillariSy  L.       Sedge. 

Port  Arthur,  lake  Superior,  Uacoun;  Saskatchewan  river,  Bourgeau;  probably  also 
in  northern  Minnesota. 
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C.  flexilis,  Rudge.       Sed^. 

Knife  river,  lake  Superior,  JunU      Rare.      North. 

C.  CBderi,  Ehrh.       Sed^e. 

Throughout  the  state,  exceptlOK  perhaps  far  southward.      Lapham.       Leech 
lake,  HouglUon;  Bainy  rlyer  and  lake,  Richcard8on,  BootL 

C.  fillfomiis.L.       Sedge. 

Throughout  the  state.    Put  in  hay,  lake  Superior,  Juni;  Emmet  county,  Iowa  (fre- 
quent). Cratty. 

C  filiformiSy  L.,  var.  latifolia,  Boeck.    (C.  Idnugrinosa,  Michx.)       Sedge. 
Throughout  the  state.    North  shore  of  lake  Superior  (frequent),  and  Minneapolis, 
Juni;  Bed  river  valley  near  Saint  Vincent,  Dawson,  Mactnm;  Emmet  county,  Iowa 
(plentiful),  Cratty, 

C.  Hougrhtonii,  Torr.       Houghton's  Sedge. 

Itasca  lake  (Lac  la  Biche),  Houghton;  Blue  Earth  county,  Leiherg,    [Manitoha, 
Macoun;  Council  Bluffs,  Iowa,  Oeyer.] 

O.  riparia,  Curtis.       Sedge. 

Common,  or  frequent,  throughout  the  state.    North  of  lake  Superior  (common), 
Juni;  lake  of  the  Woods  (sandy  swamp),  Dawiont  Macoun;  Blue  Earth  county.  Leiberg. 

C.  aristata,  R.  Br.       Sedge. 

Throughout  the  state,  but  infrequent.    Pembina,  Chichcring;  New  Ulm,  Junt; 
Blue  Earth  county,  Leiberg. 

C.  Pseudo-OjrperaSy  L.,  vor.  comosa,  W.  Boott.    (C  comosa,  Boott.) 
Sedge. 

Common,  or  frequent,  through  the  south  part  of  the  state.   Blue  Earih  county, 
Leiherg;  Emmet  and  Dickinson  counties,  Iowa  (frequent),  Cratty,  Arthur. 

€•  Pseudo-CyperuH ,  L.       Sedge. 

Throughout  the  state.    Lake  of  the   Woods  (marsh),  Dawson,  Macowi\  Chaska, 
Carver  county,  Juni;  Spirit  Lake,  Iowa,  Arthur. 

C.  hystriclna,  Willd.       Sedge, 

Common  throughout  the  state,  excepting  perhaps  far  northwestward.      Lapham, 
Minneapolis,  Juni,  Kassuhe;  north  of  lake  Superior,  Agasaiz. 

C.  tentaculata»MuhI.       Sedge. 

Kange  like  the  last,  but  less  frequent      Lapham.      Minneapolis,  Simmom;  norib 
of  lake  Superior,  Agassiz.  * 

C.  intumescens,  Radge.       Sedge. 

Common  throughout  the  state.   Lake  of  the  Woods  and  Rainy  lake,  Richardson, 
Boott;  north  of  lake  Superior  (common),  also  New  Ulm,  Juni. 

G.  liipulina,  Mubl.       Sedge. 

Blue  Earth  county,  Leiberg;  Minneapolis,  Simmons.   [Manitoba,  Macoun.] 
C.  squarrosa,  L.       Sedge. 

Wabasha,  Gibson,  determined  by  Arthur.      South. 
C.  retrorsa,  Sdiw.       Sedge. 

Throughout  the  state.    Lake  of  the  Woods,  Aic/iardson,  Boott;  Moose  Lake,  Carl- 
ton county,  Juni;  Blue  Earth  county,  Leiberg;  Emmet  county,  Iowa,  Cratty. 

€•  ntriculata,  Boott.       Sedge. 

Throughout  the  state,  excepting  far  southward.   Bed  river  prairie,  Dawson,  Macoun. 
G.  mouile,  Tacki  rman .        Sedge. 

Noith  of  lake  Superior,  Juni;  Emmet  county,  Iowa  (frequent),  Cratty, 
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C.  oligosperma,  MicLz.       Sed^^. 

Agate  bay,  lake  Superior  Juni,       Infrequent.      North. 

C«  saxatilis,  L..  var.  miliaris,  Bailey.    (C.  miliarie,  Michz.    C.  rotuodatat 
Wahl.  ?,  in  ManwiL)       Sedge. 
Collected  in  Minnesota  by  Dr.  J.  LeMy;  determined  by  S.  T.  Olney.   Bot  Rep.  of 
King's  JBxpl.  of  the  Fortieth  Parallel. 

C.  longirostrift,  Torr.       Sedge. 

Throughout  the  state.  Minneapolis,  Juni,  Kaasube;  Mankato  (common),  Leiherg; 
also  common  in  Martin  county,  and  in  Emmet  county,  Iowa,  Oratty. 

[A  considerable  number  of  species  of  Carex  not  here  recorded  will  doubtless  be 
added  by  future  observers  in  this  state,  who  should  look  for  all  such  as  approach,  or 
are  especially  northern,  in  their  geographic  range,  given  in  Gray's  Manual,] 

GRAMINE^.        Grass  Family. 

LEERSIA,  Swartz.       WnrrE  Grass.    Falsb  Rice. 

L.  Tirginica,  Willd.        White  Grass. 

Ramsey  and  Goodhue  counties,  OesUundi  Minneapolis,  Simmona;  Blue  Earth 
county,  Leiherg;  Emmet  county,  Iowa  (rare),  Cratty,      South. 

L.  oryzoideSy  Swartz.        Rice  Cat-grass. 

Common  in  sloughs  through  the  south  half  of  the  state  and  In  the  Red  river  valley, 
Jtmf,  TJpliam;  Ramsey  and  Goodhue  counties,  Oestlund;  Blue  Earth  county.  Leiherg. 

1j.  lenticularis,  Michz.       Fly-catch  Grass. 
Lapham.      South. 

ZIZANIA,  L.       Water  or  Indian  Rice. 

Z.aquatica,  L.  Wild  Rice.  Indian  Rice.  Water  Oats.  Folle  Avoine 
(of  the  French  voyageurs). 

Common,  or  frequent,  in  favorable  situations,  throughout  the  state ;  sometimes 
attaining,  in  Brown  county,  a  hlght  of  13  feet,  with  leaves  4  feet  long.  Jxtni, 

"  Wild  rice  ;  Pehu  of  the  Stoux ;  Af  anominof  the  Chlppewas.  This  aquatic  grass, 
not  uncommon  In  the  Northern  United  States,  acquires  in  the  Northwest  an  economi- 
cal Importance  second  to  no  other  spontaneous  production.  It  Is  the  only  instance  in 
this  region  of  a  native  grain,  occurring  In  sufficient  quantity  to  supply  the  wants  of 
ordinary  consumption.  It  Is  particularly  abundant  on  the  lake-like  expansions  of 
rivers,  towards  their  sources,  which  give  such  a  marked  feature  to  the  distribution  of 
these  northern  streams,  and  is  so  grandly  illustrated  In  their  main  type,  the  Missis- 
sippi. It  seems  to  select,  by  preference,  the  lower  terminations  of  these  expansions, 
which  generally  debouch  by  a  narrowed  outlet  and  considerable  fall,  constituting  rap- 
ids. It  is  in  these  situations  best  exposed  to  the  proper  degree  of  Inundation,  and  finds 
a  suitable  bed  of  the  slimy  sand,  in  which  it  grows  most  readily.  It  Is  rarely  met  with 
on  inland  lakes  which  have  no  outlet.  As  an  article  of  food  it  is  highly  palatable  and 
nutritious,  being  generally  preferred  to  the  commercial  rice .  The  grain  Is  long,  slender, 
of  a  brown  color.  In  boiling,  It  puffs  out  to  a  pultaceous  mass,  and  increases  its  bulk 
several  times.  It  flowers  in  August,  and  is  ready  for  gathering  in  September,  which  Is 
conveniently  done  in  canoes,  the  standing  stalks  being  bent  over  the  sides,  and  the 
grain  beaten  in.  Its  productive  fields,  at  this  season,  harbour  a  great  number  of  wild 
fowls,  which  obliges  those  who  wish  to  secure  a  full  crop,  to  anticipate  the  gathering 
season,  by  tying  up  the  standing  grain  Into  bundles,  which  gives  at  the  same  time  a 
claim  to  the  crop.  When  gathered  It  Is  subjected  to  a  process  of  parching  and  thrash- 
ing, which,  with  the  imperfect  means  at  the  command  of  the  Indians,  is  the  most  tedi- 
ous part  of  the  business."   Parry, 
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AliOPBCURUS,  L.       Foxtail  Gbass. 

A*  gr^uiculatus,  L.,  var.  aristulatus,  Munro.    (A.  aristalatus,  Michx.) 
Wild  Foxtail. 
Common,  or  frequent,  throughout  the  state. 

PHLEUM,  L.       Cat's-tail  Grabs. 

P.  praUnee,  L,        Timothy,    Herd's-Grasa  (of  New  Eoflrland). 
Commonly  cultWated,  often  spontaneous,  throughout  the  state. 

SPOROBOLUS,  R.  Br.  (Indudisflr  Yilfa,  Beauv.)         Drop-beed 
Grabs.    Rush-Grabs. 

S.  asper,  Eanth.    (Yilfa  aspera,  Beauv.)       Rash-Grass. 
Lapham.      New  Ulm,  Junf.      South. 

S.  yagrinsefloruSy  Torr.    (V.  vaginaeflora,  Torr.)       Rash-Grass. 

Lapham,  Minneapolis  (sandy  bottomland  of  the  Mississippi  river),  Oeitlvaid; 
Emmet  county,  Iowa  (frequent),  Cratty,      South. 

S.  cuspidatus,  Torr.    (Y.  caspidata,  Torr.)       Rash-Grass. 

Lapham,  Hennepin  and  Goodhue  counties,  Oestlund;  Emmet  county,  Iowa  (rare), 
Cratty,   rDevil's  lake,  and  southern  T>akota,  Oeyer;  Manitoba,  Jf  ocoun.] 

S.  depauperatus,  Torr.*  (V.  depaaperata,  Torr.)        Rush-Grass. 
Red  river  valley,  at  Pembina,  Havard.      West. 

S.  junceus,  Eunth.       Drop-seed  Grass. 
Lapham.      New  Ulm,  JuM.      Rare.      South. 

S.  heterolepis.  Gray,       Drop-seed  Grass. 

Throughout  the  state,  excepting  perhaps  northeastward.  Ramsey  county,  Oestlund; 
Blue  Earth  county,  Leiberg;  common  In  Emmet  county,  Iowa,  Cratty.  [Eastern  Ne- 
braska (abundant),  Aughey;  Manitoba,  Maeoun,] 

S.  cryptandriiSy  Gray.       Drop-seed  Grass. 

Through  the  south  part  of  the  state.  Ramsey  county,  Oestlund;  Minneapolis,  Sim- 
mons, Upham,  Dr.  Vaaey;  Emmet  county,  Iowa  (rare),  Cratty;  Spirit  lake  and  Little 
Sioux  river,  Oeyer. 

AGROSTIS,  L.       Bent-Grabs. 

A  •  pereunans,  Tuckerman .       Thin- Grass. 

Throughout  the  state,  excepting  perhaps  northeastward.  Lapham,  Minne- 
apolis, Upham;  Pembina,  Havard, 

A.  scabra,  Willd.       Hair-Grass. 

Common,  or  frequent,  throughout  the  state. 

*8pobobolu8  depaupbratus,  Torr.  Root  perennial,  creeping ;  culms  ascending, 
appressed -branched,  slender,  often  geniculate,  glabrous,  striate,  rather  rigid,  'A  to  2  feet 
long ;  leaves  i  to  3  inches  long,  narrow  and  usually  convolute,  spreading  or  recurved ; 
panicle  very  slender  and  contracted,  l  to  3  inches  long ;  compound  or  often  nearly 
simple  ;  spikelets  small ;  glumes  unequal,  ovate,  obtuse  or  acutish,  membranous,  two- 
thirds  the  length  of  the  acute  lower  palet,  which  is  more  less  obscurely  3-nerved. 

Resembling  V.  cuspldata,  and  scarcely  differing  except  in  the  shorter  obtuse  glumes  of 
the  rather  smaller  flowers.  Lower  palet  a  little  more  than  i  line  long,  glabrous  or 
slightly  scabrous  on  the  midnerve,  the  upper  one  obtuse  or  erose  at  the  summit.  Wat- 
son's Rep,  in  King's  ExpU  of  the  Fortieth  ParaUcJ, 


Digitized  by  VjOOQIC 


BTATB  GBOLOeiST.  161 

A.  canina,  L.       Brown  Benfe-Gram. 
Ptpestone  county.  Leiberg,      Bare. 

A«  volgarifly  With.       Red-top.    HerdVGraas  (')f  Pennsylvania,  &c.) 

Probably  native  northward ;  also  mnch  cultivated,  and  thence  often  spontaneous, 
throughout  the  state.  (A.ccordtng  to  Dr,  Charge  Thturhtr^  In  the  BoUumy  of  CdUfomia^ 
this  should  be  called  a  variety  of  A.  alba,  L.) 

A*  volfiraris.  With.,  var.  alba,  Yasey.    (A.  alba,  L.)       Fiorin.    White 
Bent-Grass. 

Bamsey  county,  OuUwnd :  Bed  Wing,  8<mdbtfrg ;  Blue  Earth  county,  Leiberg ;  New 
Ulm,  Juni,  [Lake  Superior,  WhUiney,\ 

CIKNA,  L.       Wood  Rbed-Grass. 

C.  amndiuaoea,  L.       Wood  Reed-Grass. 

Throughout  the  state.  Latham,  Upper  Mississippi  river,  HouQliUm ;  Blue 
Earth  county,  Le^herg^ 

€•  pendolay  Trin.    (C.  amndinacea,  L.,  var.  pendola.  Gray.)       Wood  Reed- 
Grass. 
Lake  Superior  and  northward,  Gray's  MamuA  \  doubtless  In  northern  Minnesota. 

MUJOLENBEROIA,  Schreber.       Drop-bbxd  Grabs. 

M.  8otM>lifera,  Trin.       Drop-seed  Grass. 
lAKpham,      South. 

M.  glomerata,  Trin.       Drop-seed  Grass. 

Common,  or  frequent,  throughout  the  state ;  not  eonllned  to  wet  places,  but  often 
growing  on  dry  and  even  sandy  ground  ;  abundant  south  westward,  frequently  persisting 
as  a  plentiful  weed  in  wheat-fields  and  other  cultivated  land,  XJpham, 

M*  grlomerata,  Trin.,  var.  ramosa,  Vasey,ined.       Drop-seed  Grass. 

Minneapolis  (bluff  of  Mississippi  river  near  the  University),  Upham;  probably  the 
prevailing  form  of  the  species  in  this  state.  [Much  branched  from  the  base  upward^ 
the  lateral  branches  slender,  naked  above,  very  leafy ;  outer  glomes  only  slightly 
longer  to  one- third  longer  than  the  flower ;  flowering  glume  sparingly  villous.  Minne- 
sota, Dakota  and  Utah.   LeiJUr  of  Dr,  Vatey,  Sept.  80. 1884.] 

M.  Mexicana,  Trin.       Drop-seed  Grass. 

Bamsey  county,  Oetthmd ;  Blue  Earth  county,  and  southwestward  (common),  Lei- 
b&rg ;  Pembina,  flooord. 

M •  sylvatica,  Toir.  ft  Gray.       Drop-seed  Grass. 

Lapham,      North  of  lake  Superior,  Agaukt,   Probably  throughout  the  state. 

M.  WilldeDOTily  Trin.        Drop-seed  Grass. 

Through  the  south  part  of  the  state.      Lapham.      Blue  Earth  county,  Leiberg. 

M.  ambigua,  Torr,*       Drop-seed  GrasF. 

Stony  banks  of  Okaman  lake  (lake  Blyslan),  Waseca  county,  Oeyer, 

^MuHLKKBUtoiA  AMBiouA,  Torr.  Paulcle  dense,  opiciform;  glumes  rather 
unequal  (the  Inferior  one  shorter),  linear-lanceolate,  very  acute,  1-  or  2-flowered,  very 
hairy  at  the  base ;  superior  valve  [palet]  with  a  bristle  at  the  tip  equalling  It  in  lengthy 
a  little  shorter  than  the  glumes  (exclusive  of  the  awns) ;  superior  floret  either  perfect, 
and  then  resembllngthelnferlor,  or  rudimentary  and  aristiform.  .  .  .  Culms  csespi- 
tose,  about  l%  feet  high,  glabrous ;  leaves  broadly  linear ;  stipules  very  short,  truncate 

IIP 
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BR  AC  H  ¥EL  YTRUM ,  Beaav.       Brachtblttrum. 

B.  aristatuniy  Beany.        Bracbyelytrum. 
Lapham.      Blue  Eartb  couDty,  Leiherg, 

DEYEUXIA9  ClariOii.    (Incladed  in  Calamagbostib,  Gray's  Manual,) 
Reed  Bent-Urabs. 

D.  CaDadensis,  Beaov.        Blue- Joint. 

Common  throughoat  the^^ate.  The  prtndpal  grass  of  the  natural  meadows  bor- 
dering streams  In  the  wooded  region  northward,  supplying  an  abundance  of  excellent 
hay  for  the  logging  teams  of  the  plneriea 

D.  stricta,  Thn.       Reed  Benfc-Grass. 

Throughout  the  state.  Collected  in  Minnesota  by  NicoUet  (TFotson) ;  Ramsey  and 
Hennepin  counties,  Westlufid ;  Minneapolis,  Simmons ;  Blue  Earth  County,  Leiherg ; 
Emmet  county,  Iowa  (common),  CreUty ;  Pembina,  Hamard. 

£>.  Liapponica,  Eanth.    (Calamaorroetis  Lapponica,    Trin.,  in  Addenda  of 
Gray's  Manual,)        Reed  Bent- Grass. 
Ittle  Royale,  lake  Superior,  Prof.  T.  C.  Porter;  doubtless  also  in  northern  Minnesota. 

D.  coniiiils,  Natt.        Reed  Bent -Grass. 

Lapham.      Common  In  Grant  county  and  the  Red  RiTer  valley,  Upham. 

I>.  Xnttalliaua,  Steud.       Reed  Bent-Grass. 

Lapham.      Lake  Wlnnlblgoshlsh,  Houghton;  Minneapolis,  Kaasube. 

AMMOPHILA,  Host.    (§§  2  and  3,  Calamaorostis,  Gray's  Manual,) 
RiEBD  Bknt-Grass. 

A*  longifolia,  Benth.    (0.  lonflrifolia,  Hook.)       Reed  Bent-Grass. 

Throughout  the  state.  Ramsey  county,  Oetthmd;  Saint  Paul,  KtUeys  Minneapolis, 
also  northwestward  (common  on  the  beaches  of  lake  Agassiz),  Upham;  Blue  Earth 
eounty,  Leiberg. 

A.  arundinacea.  Host.    (0.  arenaria,  Both.)       Sea  Sand-Reed. 

Common  on  southern  beaches  of  lake  Superior,  Whitney;  doubtless  also  on  the 
shore  of  this  lake  in  Minnesota. 

OBYZOPSIS,  Michz.       Mountain  Rice. 

O.  melanocarpa,  Mabl.        Mountain  Rice. 

Lapham.  Ramsey  county,  OetUund;  Minneapolis,  Simmons;  Blue  Earth  county. 
Leiberg. 

O.  asperifolia,  Michx.       Mountain  Bioe. 

Throughout  the  state,  excepting  perhaps  far  southward.  Lapham,  Steams 
county,  Garrfaon;  Minneapolis,  Simmons. 

O.  Canadensis,  Torr.       Mountain  Rice. 
Lapham.      Infrequent.      Range  like  the  last. 

and  lacerate ;  panicle  4  to  6  inches  long,  purplish;  glumes  tapering  to  a  very  acute 
cuspidate  point,  with  a  strong  green  midrib ;  perianth  clothed  at  the  base  with  whitish 
hairs,  which  are  nearly  half  as  long  as  the  valves ;  valves  nearly  equal ;  awn  a  little 
tortuous,  sometimes  longer  than  the  valve ;  superior  floret  often  perfect,  and  maturing 
Its  fruit ;  when  rudimentary,  consisting  of  a  meire  awn,  without  any  valve.  A  remark- 
able species,  with  the  habit  of  M.  glomerata  and  M.  Mexlcana.  Torrey  in  NieoUeVs 
Report, 


Digitized  by  VjOOQIC 


8TATB  GEOLOGIST.  168 

STIPA,  L.  FbATHBB-GrABS.     WsiLTHBB-G-RAfla. 

S.  RicbardsoDliy  Link.        Richardson's  Feather-Grass. 

North  sbore  of  lake  Superior,  and  In  Manitoba,  Matotsn;  doabtless  reaching  into 
Minnesota.      North. 

8.  BjMirtea,  Trin.       Porcupine  Grass. 

A  bundant  sonthwestward,  beios  the  prinelpal  grass  ef  the  prairie  in  some  districts, 
and  extending  undiminished  into  Dakota ;  common  north  to  Clay  county  and  east  to 
New  Ulm ;  frequent  northeast  to  the  sources  of  the  Mississippi,  Houohtont  and  to 
Sherburne  and  Anoka  counties,  and  in  the  southeast  part  of  the  state,  Upham,  (See 
Ameriean  NaturoMMt,  Tol.  xtIII,  pp.  929-081.)  The  grain  is  prolonged  below  in  a  stout 
callus  or  base,  needle-like  in  sharpness,  and  above  In  a  long  twisted  awo ;  boih  of 
which  are  minutely  barbed,  so  that,  when  inserted  In  the  wool  of  sheep  or  In  men's 
clothing,  the  seed  works  forward  readily  but  not  backward.  Thus  this  yery  appropri- 
ately named  grass  is  a  serious  annoyance  at  the  time  of  maturity  and  falling  of  the 
seed,  which  is  in  July.  Within  a  few  weeks  later,  these  seeds  are  found  to  have  bored 
Into  the  hard,  dry.  clayey  soil  of  the  prairie  to  a  depth  of  two  or  three  Inches,  having 
been  pushed  or  Impelled  in  some  way  by  means  of  the  awn.  Perhaps  this  Is  eftected 
by  Us  lengthening,  while  braced  against  the  herbage  above,  after  It  had  been  con- 
tracted by  partially  colling  up,  these  changes  being  produced  by  alternations  of  dry- 
ness and  moisture,  as  In  days  of  sunshine  and  dewy  nights ;  or,  as  seems  more  proba- 
ble. It  may  be  that  the  wind,  blowing  upon  the  awn,  first  fastens  the  sharp-pointed 
grain  in  the  ground,  and  afterward  slowly  drills  It  downward.  This  was  first  brought 
to  the  notice  of  the  writer  by  If  r.  T.  M.  TounOt  at  the  Slsseton  Agency,  In  Dakota, 
where,  late  In  August,  scarcely  any  seeds  of  this  grass  remained  on  the  surface ;  but 
they  were  found  very  plentifully  thus  buried  In  the  ground,  often  only  from  a  half  inch 
to  one  inch  apart.  All  had  penetrated  to  nearly  the  same  depth,  which  was  about  two 
and  a  half  inches  from  the  surface  to  the  point  of  the  seed,  two  thirds  of  this  depth 
being  occupied  by  the  lower  part  of  the  awo. 

ABISTIDA,  L.       Triplb-awnsd  Grass. 

A,  basiramea,  ^nffelmann*       Triple-awned  Grass. 

Minneapolis  (plentiful  in  the  vicinity  of  the  University,  in  the  sward  on  dry  sandy 
land  with  species  of  Bouteloua,  Foa  and  Andropogon,  from  which  it  Is  noticeably  dis- 
tinguished by  its  darker  purplish  color),  XJpham;  Saint  Cloud  (plentiful),  Campbell; 
Pipestone  (^ty  and  l^verue,  in  southwestern  Minnesota,  and  near  ftock  Baplds,  Lyon 
county.  In  the  northwest  corner  of  Iowa,  Leiberg. 

It  has  also  been  collected  in  Nebraska  by  Rev,  J.  B.  Wibbe^  and  in  Kansas  by  if  r. 
Jr.  HaU;  and  Mr,  F.  L.  Scribner  and  Prof,  J.  M,  Coulter  report  it  from  Iowa  and  Illi- 
nois. JReo.  J.  Scott  writes  that  It  occurs  at  Brandon,  Manitoba.  [Nebraska  specimens 
show  a  much  greater  size  (20  inches  high) and  a  more  branching  habit,  the  culms  becom- 
ing geniculate.  Vaaey,} 

^AaJBUDA  basiramka,  Engelmann  in  a  letter  to  W.  Upham. — Annual :  culms 
erect,  6  to  15  Inches  high,  slender,  much  branched  at  the  base  (some  of  the  branches 
very  short  but  florlferous),  and  with  short  floriCerous  branches  enclosed  in  the  upper 
leaf -sheaths :  leaves  comparatively  long  (3  to  6  lochesX  narrowly  linear,  flat,  becoming 
Involute  toward  the  apex,  sparsely  hairy  on  the  margins  below,  the  upper  ones  nearly 
equaling  the  panicle  ;  sheaths  striate,  loose ;  llgule  very  short,  truncate  :  panicle  IVi 
to  3  Inches  long,  erect,  rather  lax.  Its  base  sheathed  by  the  upper  leaf ;  branches  of  the 
panicle  short,  mostly  single,  the  lower  in  twos  or  threes ;  glumes  linear,  unequal,  i- 
nerved,  lower  one  4  lines,  upper  one  6  lines  long  Including  the  short  brlstlo-llke  point : 
flowering  glume  nearly  terete,  spotted  with  black,  about  6  lines  long  Including  the  short, 
acute  and  hairy  callus ;  middle  awn  about  6  lines  long,  the  lateral  ones  about  4  lines 
long,  spirally  twisted  below  (when  mature).  The  sheathed  floweiv  are  somewhat  smaller. 

This  species  was  discovered  last  season  by  Mr.  Warren  Upham,  at  Minneapolis, 
Mlun.  The  late  Dr.  Engelmann  suggested  the  name,  in  a  letter,  as  indicative  of  Its 
habit,  and  would  have  published  it  if  he  had  lived.    It  is  closely  related  to  A.  dicbx>- 
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A.  parparea,  Natt.*       Triple-awned  Qnm. 

Blue  Earth  ooonty,  and  oommon  westward  to  Pipestone  ooonty,  LHberg,  South- 
west. 

A.  pnrpurasceiifly  Poir.       Triple-awned  Qraas. 

Lapham,      St.  Oroix  eoonty,  Wlseonsln,  Swauy.      Infrequent.      South. 

A.  tabercnlosa,  Natt       Triplo-awned  Grasi. 
Lapham,      Fine  barrens,  St.  Croix  rlyer,  Pamry.      Sooth. 

SP ABTIN A  •  Schreber.       Coed  or  Mabsh  GBAis. 

8.  cyiiosiiroidesy  Willd.       Fresh-water  Cord-Grass. 

Abundant  through  the  south  hall  of  the  state  and  In  the  Bed  river  talley ;  north  of 
lake  Superior,  AganU;  making  up  the  greater  part  of  the  haj  cut  In  sloughs,  worth  for 
fodder  fully  half  as  much  as  the  hay  of  the  uplands.  Its  hight  \b  usually  from  two  to 
four  feet,  but  occasionally  It  is  eight  or  nine  feet .  In  the  flye  or  six  counties  next  to  the 
southwest  comer  of  the  state,  because  of  the  scarcity  of  wood  and  the  high  cost  of  that 
ur  coal  for  fuel,  a  large  proportion  of  the  people  bum  only  hay  during  the  whole  year. 
For  this  purpose  the  coarse  hay  of  this  species  is  the  only  kind  used.  It  Is  mostly  burned 
in  ordinary  stoves,  haring  been  twisted,  then  doubled  and  again  twisted,  forming  wisps 
about  one  and  a  half  feet  long.  The  quantity  of  this  fuel  required  for  a  year's  supply  in 
an  ordinary  farm-house  is  from  eight  to  twelve  tons. 

BOUTBIiOUA.  Lagapca.       MuBKnvGEAflS.    Grama-Gbabs. 

B«  olisrostacbya,  Torr.       Mnskit-Grass.    Grama. 

Oommon,  or  frequent,  southwestward  and  in  the  Bed  river  vaUey ;  less  frequent 
east  to  Stillwater  and  the  edge  of  Wisconsin. 

B.  hirsata,  Lairasca.       Moskit-Grass.    Grdma. 

Common  through  the  south  part  of  the  state,  extending  north  to  Minneapolis  and 
the  St.  Croix  river,  Parry,  abundant  at  New  Ulm  and  in  Bock  and  Pipestone  counties. 

This  and  the  preceding  are  sometimes  called  Buffalo  Grass  in  this  state,  a  name 
which  more  properly  belongs  to  Buchloe.  Bee  pages  14  and  82  of  Bothrock's  Report 
on  the  Botany  of  Whuier'e  Surveys  west  of  the  One  Hundredth  Meridian  for  chemical 
analyses  of  Festuca  ovlna  and  the  two  foregoing  species  of  Bouteloua,  which  with  others 
of  this  genus  are  commonly  called  Grama  in  the  southwestem  United  States. 

B.  raoemosa,  Lagasca.    (6.  cortipendula,  Gray.)       Moddt  Grass.    Grama. 
Common  through  the  south  part  of  the  state,  especially  southwestward ;  likewise 
in  the  Bed  river  ralley . 

TOMA,  from  which  It  differs  in  Its  shorter,  erect  (not  dlchotomous)  culms,  and  in  Its 
much  larger  flowers,  and  especially  In  the  much  longer,  spreading,  lateral  awns.  From 
A.  GRACILIS  It  differs  In  the  shorter  panicle,  the  longer  upper  leaves  with  sheathed 
flowers,  and  in  the  flowers  being  twice  as  large.  From  A.  BAMoeisflix a  it  differs  In 
wanting  the  larger  size,  the  diffusely  branched  habit,  the  much  larger  flowers  with  s- 
10  5-nerved  glomes,  and  the  strong  recurved  middle  awn  of  that  species.  Dr.  Otorge 
Vaaey  in  the  Botanical  GaaeUe,  vol,  Iz,  p.  76  (Hay,  188^. 

*Abibtida  pubpubea,  Nutt.  Perennial ;  culms  8  to  15  inches  high,  simple,  erect, 
slender,  mostly  glabrous ;  sheaths  narrow,  scabrous,  exceeding  the  Interaodes,  pilose 
at  the  throat ;  leaves  very  narrow,  convolute,  H  to  10  Inches  long ;  panicle  slender, 
erect  or  flaccid,  8  to  6  inches  long,  loosely  few-flowered ;  glumes  purplish,  the  upper  8 
to  9  lines  long,  about  twice  exceeding  the  lower,  and  longer  than  the  flower,  bifld  and 
shortly  awned;  flower  densely  short-pilose  at  the  pointed  base,  scabrous  above,  8  lines 
long,  the  awns  equal  or  nearly  so,  separate  to  the  base,  not  Jointed,  l  to  2  Inches  long, 
scabrous,    ff  atoon's  Rep .  in  King's  ExpU  of  the  Fortieth  ParaUek 
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BUGHLOE,  Engelm.       Buffalo  Gbabs. 
B.  dactyloides,  Engelm.*       Buffalo  QrasB. 

▲bandant  la  the  Tietolty  of  the  plpestone  quarry,  at  Pipestone  Otty,  oommenclng 
a  few  rods  north  of  the  railroad  depot,  aod  extending  the  whole  length  of  the  outerop- 
plng  ledge  of  roek  northward,  Id  oompany  with  a  dense  growth  of  prlokly  pear(Upantla 
Mlssonrlensls  and  O.  fragllls);  also  oocorrlng.  at  rare  Interrals,  on  stony  and  grayelly 
sell,  In  Bock  oounty,  and  In  Lyon  eonnty,  Iowa ;  (not  fonnd  farther  east ;  perhaps  In 
all  these  places  Introduced  by  the  Indians  In  their  Journeys  from  the  western  plains  to 
the  pU^tone  quarry ;)  Leiberg.  [Formerly  the  meet  abundant  species  of  grass  through- 
out Nebraska,  lately  disappearing,  according  to  Aughey,  who  attributes  Its  dying  out  to 
Increased  rain-f  alL] 

OBAPHBPHOBUM,  Dear.       GRAPHBPHOBUif. 

O  festacacemn,  Gray.f       Graphephoram. 

In  Emmet  county,  Iowa,  six  miles  south  of  the  state  line  (plentiful  upon  space  of 
fiTC  or  six  square  rods.  In  edge  of  lake),  Cratty;  determined  by  Prcf,  Aia  Oray;  the  first 
obserratien  of  this  species  in  the  United  States,  though  It  abounds  in  the  Saskatchewan 
region  and  extends  thence  northward,  and  also  is  found  in  northern  Europe.  Doubtless 
it  occurs  !n  western  and  northern  Minnesota.  (Botanical  QazetUt  yol.  ix,  p.  37 ;  Feb., 
1881.) 

^BucHLOX,  Engelmann.  Flower8dioBclous,heteromorphou8.— -Hole plant.  Spikes 
l-slded,  2-ranked ;  spikelets  2-  or  8  flowered.  Glumes  2,  l-nenred,  lower  much  smaller. 
Falets  2,  of  equal  length,  longer  than  the  glumes ;  lower  one  8-ner?ed,  mucronate ; 
upper  one  2-nenred.  Squamuls  In  pairs,  truncate,  emarglnate.  Stamens  8;  anthers 
linear.  Budlment  of  an  oyary  none.— —Female  pUml.  Spikes  1  to  3,  short,  capitate, 
oblique  In  the  inyolucrate  sheaths  of  the  upper  leaTcs ;  spikelets  l-flowered,  crowded, 
upper  floret  abortlye,  withering.  Glumes  2;  lower  glume  of  the  lowest  spikelets  1-  to  8- 
nerred,  lanceolate-subulate,  with  an  herbaceous  tip,  or  2-  or  8-cleft,  lower  side  adnate  to 
the  back  of  the  upper  glume ;  lower  glumes  of  the  other  spikelets  (internal  as  to  the  head) 
free,  much  smaller,  membranaceous,  ovate-lanceolate,  acute,  i  -nerred ;  upper  glumes 
(external)  connate  at  the  base  with  the  thickened  rachls,  at  length  like  a  hard,  woody 
iuYOlucre,  OTate,  neryeless,  pale,  trifld  at  the  herbaceous,  nerred  tip.  Lower  palet  (in- 
ternal as  t(>  the  head)  shorter,  s-nenred,  herbaceous,  tricuspldate ;  upper  palet  shorter, 
2-nerYed.  Squamuln  as  In  the  male  flowers.  Budlments  of  the  stamens  8,  minute. 
Ovary  lenticular,  glabrous,  very  short-stlpltate ;  stigmas  much  longer  than  the  2  erect 
terminal  styles,  plumose  with  simple  hairs,  exsert  from  the  apex  of  the  flower.  Oary- 
opsls  free.  Included  In  a  homy,  at  length  deciduous  head,  sublenticular,  flat  on  the  out- 
side (toward  the  lower  palet),  convex  on  the  inner  side. 

B.  DAOTYLOiDU,  Bngclmauu.  TroM.  8aAnl  Louit  Acad.,  vol,  I,  p.  482,  pi.  12  and  14. 
Densely  tufted,  spreading  by  stolons,  forming  broad  mats ;  culms  8  to  6  Inches  long ; 
flowering  stems  of  the  male  plant  4  to  6  Inches  long,  glabrous  or  slightly  hairy ;  leaves 
2  to  4  Inches  lODg,  K  to  ivi  lines  wide,  nearly  smooth ;  sheaths  striate,  glabrous,  strongly 
bearded  at  the  throat;  spikes  8  to  6  lines  long;  spikelets  alternate  In  2  rows,  upper- 
most abortive,  bristle-form,  2  to  8  lines  long ;  lower  glume  ovate-lanceolate,  with  a 
scarions  margin ;  upper  glume  twice  looger,  ovate ;  lower  palet  convex,  8-nerved, 
upper  one  2-nerved,  two  minute  scales  at  the  maigln  and  Inside  of  the  lower  palet ; 
stamens  3.  Stems  of  the  female  plant  much  shorter  than  the  leaves,  ivi  to  2  Inches 
high;  headsSto8mineslong;  glumes  becoming  ligneous ;  spikes  or  heads  usually  2 ; 
at  maturity  becoming  thick,  extremely  hard.  Including  the  loose  grain. — ^The  cele- 
brated **bulIalo  grass,"  known  to  hunters  and  trappers  as  one  of  the  most  nutritious 
grasses,  on  which  for  a  part  of  the  year  subsist  and  fatten  the  Immense  herds  of  buffalo 
and  the  cattle  of  the  hunter  and  emigrant.    Porter  and  CouUer't  Flora  of  Colorado. 

IGRAFBBraoBUV  FnrncACBUM,  Gray.  (Festucaborealis,Mert.&Koeh.  Arundo 
festncacea,  WUId.)  Culm  as  thick  as  a  swan's  quill,  s  to  4  or  more  feet  high ;  leaves 
8  to  10  Inches  long,  broadly  Itnear-acnmlnate,  rough  to  the  touch.  Panicle  a  foot 
and  more  long,  almost  quite  erect,  as  well  as  the  subvertldllate  slender  branches. 
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DIABBHENA,  Raf.       Diarrhbfa. 

D.  Americana,  Beaar.        Dtarrhena. 
Sherburne  eounty,  Upham.      Rare.      Soutta. 

DAGTTLIS,  L.       Orohard  Gram. 

D.  glomeraia,  L.        Orchard  Qraaa* 

Ramsey  eoanty,  OuOunO;  KlDneapolls,  aimfMfM;  Biaukato,  Lefberv. 

KCELEBIA.  Pers.       K(elbria. 

K.  cristata,  Pers.       Eosleria. 

GommoD ,  or  frequent,  throoffhout  the  state.  [The  most  plenttfal  species  of  grass  on 
the  line  of  the  Northern  Paelfle  railroad  In  western  Dakota,  Ltiberg.] 

EATONIA,  Raf.       Eatonia. 

E.  obtusata,  Gray.       Eatonia. 

Xlnneapolts,  TJpham;  Rlne  Earth  county,  Leiberg,  [Manitoba,  Jfoeatm.]  Sooth 
and  west. 

E.  PennsylYaiiica,  Gray.       Eatonia. 

Throughout  the  state,  exeeptlng  perhaps  northwestward.  Ramsey  county,  UesUund; 
Minneapolis,  Upham;  Blue  Earth  oounty,  Ldberg;  New  (Jim,  Juni.  [North  of  lake 
Superior,  Aoas&ti.} 

I 

GLTCEBIA9  K.  Br.       Manna-Grabs. 

O.'. Canadensis,  Trin.       Rattlesnake-Grass. 

Frequent  throughout  the  state,  excepting  far  southward.  St.  Orolx  river,  Parry; 
Ramsey  oonnty,  Oestiund;  Minneapolis,  Simmons,  Kasiube, 

G.  elongata,  Trin.       Manna-Grass. 

Minneapolis,  Upham;  Blue  Earth  county,  LeiherQ.      Infrequent. 

O.  nervata,  Tnn.       Fowl  Meadow-Grass* 
Common  tbroughout  the  state. 
[Q.  pallida,  Trin.,  doubtless  occurs  In  this  state,  bnt  has  been  OTerlooked.] 

0.  aquatica.  Smith,  var.  Americana,  Yasey.       Reed  Meadow-Grass. 
Common  throughout  the  state. 

Splkelets  erect,  %io\ot  an  Inch  long,  scattered  or  subfasclcled,  sessile  or  pedicellate, 
generally  4-flowered.  Glumes  unequal,  convex,  rounded  at  tbe  back,  not  keeled,  the 
outer  one  shorter  than  the  florets,  acute,  entire  at  the  point,  the  middle  nerve  reaching 
beyond  the  point,  so  as  to  form  a  short  arista ;  there  are  besides,  on  each  side,  two  short 
lateral  nerves ;  the  Inner  glume  as  long  as  the  whole  splkelet  of  florets,  torn  at  the 
point,  arlstate,  the  middle  nerve  reaching  beyond  the  point ;  there  are  besides  s 
lateral  nerves  reaching  to  the  apex,  and  2  Intermediate  shorter  ones.  Florets  cylin- 
drical, closely  placed,  with  a  tuft  of  white  hairs  at  the  base  of  each  ;  outer  valve  [palet] 
of  the  perianth  Jagged  at  the  point,  shortly  arlstate,  with  7  nerves  reaching  to  the  sum- 
mit ;  the  Inner  lanceolate,  the  margin  inflected,  with  2  strong,  green,  ciliated  nerves 
at  the  flexures,  running  out  so  as  to  form  a  bifid  apex;  upper  floret  smallef  than  the  rest. 
Hooker^s  Flora  BorealU  Am.,  II,  251. — The  Iowa  specimens,  communicated  by  Mr.  R- 

1.  Cratty,  agree  fully  with  this  description,  except  that  the  splkelets  are  not  so  large, 
scarcely  exceeding  %  of  an  inch  in  length.  Pedicels  of  the  splkelets  rough ;  awns  formed 
by  the  nerves,  especially  of  tbe  glumes,  inconspicuous,  and  sometimes  barely  observ- 
able. It  grows  3  to  6  feet  high  in  water,  at  tbe  margin  of  lakes.  Arthur  in  CorUrUm- 
tiom  to  the  Flora  of  Iowa,  JV'o.  VL 
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O.  floitanSy  R,  Br.       ManDa-GhraaB. 
Gommon,  or  frequent,  throughout  the  state. 

POA,  L.       Mkadow-Grass.     Spbab-Grass. 

P.  annua,  L.       Low  Spear-Grass. 

Throughout  the  state,  excepting  perhaps  far  southward,  but  infrequent.  Minne- 
apolis, Kaamibe;  Blue  Earth  eounty,  Leiberg. 

P.  oompressa,  L.       Wire-Grass. 

Throughout  the  state,  but  infrequent.  Parry,  Lapham,  Ramsey  eounty,  Oett- 
kind;  Blue  Earth  eounty.  Leiberg;  Pembina,  Chickerino,  Bavard, 

P .  alpina ,  L.       Spear-Grass. 

Isle  Royale,  and  north  shore  of  lake  Superior,  Loring,  PcrUr,  Maeoun;  doubtless 
also  in  Minnesota.      North. 

P,  csesia,  Smith.       Spear-Grass. 

Throughout  the  state.  North  shore  of  lake  Superior,  Jumi;  Blue  Karth  eounty,  LH^ 
berg;  Emmet  eounty,  Iowa»  OraUy, 

P.  csesia,  Smith,  Tar.  strlctior,  Gray.       Spear-Grass. 
Isle  Boyale,  Whitney;  Bed  riyer,  Dawton,  Mctcoun,      North. 

P.  serotina,  Ehrh.       False  Red-top.     Fowl  Meadow-Grass. 
Common  throughout  the  state. 

P.  pratensiSy  L.       Green  or  Common  Meadow-Grass.    Kentucky  Blue- 
Grass.    June  Grass. 

Common  throughout  the  state;  taking  the  place  of  the  original  prairie  grasses  in 
southwestern  Minnesota,  Juni,  [In  Nebraska  not  native,  but  spreading  westward, 
Avghey,'] 

P.  sylvestriSt  Gray.       Spear-Grass. 

Lapham.      Pembina,  Havard.       Bare.       Soutli  and  west. 
[P.  debilis,  Torr.,  probably  occurs  in  this  state.] 

P.  alsodes,  Gray.       Spear-Grass. 

Saint  Paul,  KeUey;  Bed  river  valley,  at  Pembina,  Chiekerlng,  Infrequent.  South 
and  west. 

E  B AGBOSTIS,  Beanv.       Ebagbobtib. 

£•  reptans,  Nee&       Rragrostis. 

Through  the  south  part  of  the  state.  Laptiam,  Goodhue  county,  OesUund;  Blue 
Earth  county,  Leiberg. 

£j.  poaspides,  Beauv.,  var.  meirastacbya.  Gray.       Eraflrrostis. 

Abundant,  in  door-yards  and  by  road -sides,  through  the  south  half  of  the  state ; 
common  north  at  least  to  Crow  Wing,  Todd  and  Grant  counties,  and' in  the  Bed  river 
valley,  Upham.  It  was  found  by  Oeyer  in  1839  on  sandy  plains  in  the  valley  of  the 
Sheyenne  river,  Dakota,  and  is  quite  probably  indigenous  in  this  region. 

E.piloaa,  Beauv.       Eragrotiia. 

Blue  Earth  county,  Ltiberg;  Minneapolis  (distinct  from  B.  Purshii),  Upham,  In- 
frequent.      South. 

£•  Frankii,  Meyer.       Frank's  Eragrostis. 
Hastings,  Dakota  eounty,  Oesaund.      Southeast 

!E.  Purshii,  Schrader.       Porsh^s  Eragrostis. 

Beeoming  abundant  by  road-sides  and  in  waste  places,  Bamsey  eounty,  Minneapolis, 
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and  StMle  oonnty,  OeaUund,  Simnums,  Upham;  deterniined  by  SerOmer,  Vauey  Mid 
Wataon,      Sontb. 

E.  capillarifly  Nees.       EragTOstiB. 

Lapham       Minneapolis,  fosaub^.      Infrequent.      Sontb. 

E.  pectinacea,  (hay.       EraRroBtis. 
Lapham,      Minneapolis,  Simmons.      Soutb. 

£.  pectiuaoeay  Gray,  yar.  spectabilis.  Gray.       Eragroetis. 
Minneapolis  (riTer  bluff  near  tbe  (TnlTeisUy),  OesUund,  Upham.      Soutb. 

F£STUGA,  L.       FsscuB-GRAsa. 

F.  tenella,  Willd.       Slender  Fescae-Graas. 

Tbrougb  tbe  soutb  baU  of  tbe  state.  Lapham.  Minneapolis,  Slmmoiu,  (abun- 
dant on  sandy  land  east  of  tbe  Unlferstty)  Upham. 

F.  OTina,  L.       Sheep^s  FAscae. 

Frequent  tbrougbout  tbe  state,  ezeepting  perbaps  far  sontbward. 

F.  rubra,  L.  (F.  OTiiia,  L.,  yar.  rabra,  Gray.)       Red  Feacae. 

Lake  Superior,  Dr.  Bobbins,  and  nortbward,  Gray*s  Manuaii  probably  in  nortbem 
Minnesota. 

[F.  durlttseula,  L.  (F.  OTina,  L.,  yar.  dnrluscula,  QrayX  sbonld  also  be  looked  for 
nortbward.] 

F.  elatiin't  L.     (Indading  F.  pfxOeMis,  Hadson.)        Taller  or  Meadow  Feeeue. 
Minneapolis,  old  state  farm  close  soatbeast  from  XJntyerstty,  Oettttmd.      Infre- 
quent 

F.  nutans,  Willd.       Nodding  Fescae. 

Tbrougbout  tbe  state,  exeepttng  perbaps  far  nortbward,  but  infrequent.  Lake  Win- 
nlbigosblsb,  HouaMon;  lake  Mlnnetonka,  Oestlund;  Blue  £artb  eounty,  Leiberg; 
Emmet  eounty,  Iowa  (rare),  OraUy. 

BBOMUS,  L.       Bboms-Grass. 

B.  seealinus,  L.        Cheat  or  Chess. 

Oeeasional  In  wbeat-flelds,  mostly  soatbeastward.  A  yery  unweleome  immigrant. 
Plentifnl  in  Houston  eounty,  especially  in  fields  of  .winter  wbeat,  also  frequent  in  mow- 
ing land,  J.  S.  Harris;  frequent,  but  not  so  plentiful  as  to  be  troublesome,  in  Steele 
eounty  and  at  Minneapolis,  Upham. 

B.  raeemoeuSf  L.        Upright  Chess. 
Minneapolis,  Kasauhe.      Infrequent. 

B.  Kalmii,  Gray.       Wild  Chess. 

Common,  or  frequent,  tbrougbout  tbe  state,  excepting  perbaps  nortbeaatward. 

B.  ciliatus,  L.       Wild  Chess. 

Common,  or  frequent*  tbrougbout  tbe  state. 

B.  ciliatus,  I^^,  yar.  pnrsrans.  Gray.       Wild  Chess. 
Minneapolis,  Upham.      Probably  common. 

PHBAOMITES.Trin.       Beed. 

P.  communis  9  Trin,       Reed. 

Common,  or  frequent.  In  the  edges  of  ponds  and  lakes,  throughout  the  prairie  portion 
of  tbe  state ;  also  at  Boaeau  lake  and  tbe  lake  of  tbe  Woods,  i>ai0ion. 
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SCHfiDOXXARDUS,  Steodel.*       Schbdovnabdub. 

S.  TexanuB,  Stead*  (Leptunis  paDicnlattts,  Nufct)       Schedonnardas. 

Bocky  hills,  Monnd  township,  Book  oounty,  Leiberg .    [Upper  Mlssoarl  rlTor,  Oeyer,] 
Bare.      Southwest. 

LOIilUM,  L.        Dabkbl.    Rat-Gbabb. 

L.  temuUfUum,L.        Bearded  Darnel, 

Mankato  (plentiful  about  the  elevator  of  the  8t.  Paul  &  Sioux  City  railroad),  LeO^erg, 

AOBOPTBUM,  Beaav.  (Thiticxw,  L.,  in  part.)       WHBAT-QBAflS. 

A.  repenSy  Beaoy.  (T.  repens,  L.)        Coach-,  Quitch*,  Qaick-,  or  Witch- 
Gnas. 

Frequent,  or  eommou,  throughout  the  state,  but  rarely  so  plentiful  as  to  be  trouble- 
some. (Specimens  which  must  be  referred  to  this  species,  as  deelded  by  Mr.  Sereno 
WaUon^  were  found  at  Minneapolis  on  the  embankment  of  the  railroad  about  an  eighth 
of  a  mile  northwest  from  the  Uniyersity  and  close  west  of  Tattle's  brook,  haying  a  very 
narrow  and  long  spike  of  many  splkelets,  awnless.  as  long  or  half  as  long  as  the  Joints 
of  the  rhachls,  8-flowered,  with  a  rudiment  of  a  fourth  flower,  often  the  lowest  or  the 
middle  flower  not  ripening  its  grain,  and  having  in  some  instances  no  running  root- 
stocks.  The  typical  T.  repens  occurs  near  by,  and  also  forms  which  seem  to  be  inter- 
mediate In  respect  to  both  the  character  of  the  spikes  and  the  presence  of  rootstocks. 
Upham.) 

A.  dasystachynm,  Yasey.  (T.  dasystachyam,  Gray.)       Wheat-Gra8«. 
North  shore  of  lake  8aperior»  Agassis;  doubtless  also  In  northern  Minnesota. 

A.  violaceimiy  Yasey.    (T.  yiolaceam,  Horaemann.)       Wheat-Grass. 

Throughout  the  state,  but  rarer  than  the  next.  Pembina,  Bcn>ard;  in  openings  of 
woods,  on  sandy  modified  drift,  at  the  northwest  side  of  MiUe  Lacs,  Upham;  Bamsey 
oounty,  Oeethmdf  Bmmet  county,  Iowa,  CraUy. 

A.  canlnnm,  Roem.  A  Schaltes.    (T.  caninam,  L.)       Wheat-Grass. 

Frequent  throughout  the  sUte,  excepting  perhaps  far  southward.  Pembina,  Hav- 
ard;  Minneapolis,  Twining,  XIphami  Blue  Barth  county,  IMberg;  New  Ulm,  Juni.  [Be- 
tween the  James  and  Bed  rivers,  Dakota,  Geyer.J 

HOBDBUM,  L.        Bablbt. 

H.  Jnbatnm,  L.       Squirrel-tail  Grass. 
Ctommon,  or  frequent,  throughout  the  state. 

H.  piiBilluin,  Natt.    (H,  pratense,  Gray's  Manual)       Barley-Grass. 
Blue  Barth  oounty,  Lefberg,      Bare.      South. 

ELTMXJS,  L.       Ltxb  Gbabs.    Wild  Rtb. 

E.  YiririniciiB,  L.       Wild  Rye. 

Frequent  throughout  the  state ;  less  common  than  the  next. 

£.  Canadensis,  L.       Nodding  Wild  Rye. 
Common  throughout  the  state. 

•SCBBOOKNARDDS,  StoudeL  Spikclets  one-flowered,  solitary  at  each  Joint  of  the 
slender  triangular  rhachls  of  the  paniculate  spikes,  and  partly  immersed  in  an  excava- 
tlon ;  the  spikes  alternate  and  distant ;  outer  glumes  acuminate,  unequal,  the  longer 
equaling  the  flowering  glume,  which  is  linear-acuminate,  and  thlcklsh  at  the  keel ;  palet 
shorter  and  thinner.    Fcuey's  Orauet  0/  U,  8. 
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E.  CanadensiA,  L.,  var.  ^rlaacifoliiu,  Gray.       NoddiaR  Wild  Bye. 

ThroQgboot  the  state.  Lake  of  the  Woods  (sandy  shore),  Daunon;  Martin  county, 
and  Emmet  eoonty,  Iowa,  Cratty, 

E .  Sibiricus,  L.       Wild  Rye. 

Red  rlTer  Talley,  at  Pembina,  Havard,      North. 

E.  striatuB,  Willd.       Wild  Rye. 

Throughout  the  state.  St.  Crolz  riTor,  Houghton;  Ramsey  county,  OesUund;  Minne- 
apolis, Simmom;  Blue  Earth  county,  Ldberg;  New  Ulm.  Juni;  Martin  county  (plentiful), 
Cratty.   ILake  Superior,  TFhltney;  Manitoba,  3facoun.] 

E.  striatuSy  Willd.,  yar.  vUlosus,  Gray.        Wild  Bye. 

Also  throughout  the  state.  Pembina,  Havord;  lake  Mlnnetonka,  itoherte;  Blue 
Earth  county  (frequent),  Leiberg. 

E.  mollis,  Trin.       WQd  Rye. 

Lake  shores  [probably  lake  Superior],  Minnesota,  Wood's  CTloss-Boofc.  [North  of 
lake  Superior,  Agaasiz,'] 

E.  SitanioD,  ISchultes.*       Wild  Rye. 

Prom  northern  Minnesota  to  Texas  and  west  to  (^lfomia»  Wat9on;  Blue  Earth 
county  and  westward,  Leiberg,      West 

ASPBELIiA,  Willd.  (Gymnostichum,  Scbreb.)  fioTTLE-BauBH 

Gra84. 

A.  Hystrix,  Willd.  (G.  Hystrix,  Schreb.)        Bottle-bnuh  Gran. 
Common,  or  frequent,  throughout  the  state. 

D  ANTHONIA,  DC.       Wild  Oat-Grass. 
D.  spicata,  BeauT.        Wild  Oat-Grass. 

Throughout  the  state,  but  mostly  Infrequent.  Lake  of  the  Woods,  Dawson;  Stearns 
oounty,  etc.,  Upham;  Pipestone  county,  if  rs.  Bennett. 

AVENA,  L.       Oafc. 

A,fatua,  L.t        Wild  Oats, 

Bamsey  county  (new  state  farm  and  adjoining  land,  growing  in  grain-fields  and  on 
waste  ground,  apparently  naturalized  and  spreading),  Oestlund.  Extensively  natural- 
ized in  California ;  also  found  In  Texas  and  Wisconsin,  in  the  latter  state  becoming 
very  troublesome  in  oat-flelds,  Vasey:  but  not  yec  reported  (so  far  as  known  to  the 
writer)  in  other  portions  of  the  United  States  east  of  the  Rocky  mountains.  Its  seeds 
nppu  early  and  mostly  fall  before  harvest,  rendering  its  extermination  more  difficult. 
It  is  supposed  to  be  the  original  of  the  cultivated  oat  {A.  iotiva,  L.). 

*Bltmus  Sitanion,  Schultes.  Oulms  4  inches  to  2  feet  high,  tufted,  and  wi(h  the 
leaves  and  sheaths  glabrous  or  somewhat  pubescent  or  scabrous;  spike  erect,  1  to  3 
inches  long,  squarrose  with  its  long  recurved  awns,  Jointed  and  fragile  at  maturity; 
spikelets  in  pairs,  2-  to  5-flowered,  smooth  or  puberulent ;  glumes  entire  or  usually 
parted  to  the  base  and  the  segments  unequally  2-clef  t,  the  divisions  long-awned  (l  to  3 
inches);  flowers  3  lines  long,  the  awn  of  the  lower  palet  equaling  that  of  thn  glumes, 
with  often  a  subsidiary  awn  or  tooth  on  each  side  at  the  apex  of  the  palet.  A  very 
variable  grass .    Waison^e  Rep,  in  King's  Expl.  of  the  Fortieth  ParaUeL 

t  Avena  fcUua^  L.  An  erect  annual,  2  or  3  feet  high,  smooth  except  at  the  hairy 
nodes,  with  flat  slightly  scabrous  leaves  and  loose  sheaths  :  panicle  8  to  10  inches  long, 
the  few-flowered  rays  spreading  equally  ;  spikelets  about  an  inch  long,  the  scarious 
pointed  glumes  longer  than  the  florets,  often  purplish  at  base  :  lower  palet  about  6  lines 
long,  firm  at  base,  scabrous  and  covered  with  long  brown  hairs,  its  lobes  tapering  to  a 
sharp  point ;  awn  about  twice  the  length  of  palet,  bent  near  the  middle  and  twisted 
below  :  grain  very  hairy.    Thurher  in  Botany  o/  Calif omta. 
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A.  striata,  Michz.       Oat-Gran. 

Throoglioat  the  state,  excepting  perhaps  far  southward,  Isanti  county,  etc.  (fre- 
quent), Upham;  New  Ulm,  JuM. 

A.  Smithii,  T.  C.  Porter.       Oat-Grass. 

Isle  Boyale,  and  eastward  about  lake  Superior,  6ray*s  Manual;  probably  also  north 
of  this  lake  in  Minnesota. 

TBISETUM ,  Persoon.       Trisbtum. 

.  T.  subspicatnm,  Beaav.,  rar.  moUe,  Gray.       Trisetam. 
North  of  lake  Superior  (eommou),  Macoun. 

DBSGH AMPSI A,  BeauT.  (Aira,  L.,  in  part.)       Haib-Grass. 

I>  •  caespitosa,  BeauT.  (A.  csrapitosa,  L.)       Hair- Grass. 

Throughout  the  state,  excepting  perhaps  far  southward,  but  infrequent.  Blue 
Barth  county,  Letberg. 

[D.  flexuosa,  Beauv.  (A.  flexuosa,  L.),  probably  also  occurs  in  this  state.] 

ABBHENATHEBUM,  BeauT.       Oat-Grabs. 

A.  avenaceum,  Beaav.        Tall  Oat- Grass, 

New  state  farm,  Ramsey  county,  OesUund.      Infrequent. 

HIEBOGHLOA,  Gmelin.       Holt  Grass. 

H,  borealis,  Boem.  and  Schultes.       Vanilla  or  Seneca  Grass. 
Common,  or  frequent,  throughout  the  state. 

PHAIiABISy  L.       Canart-Grass. 

P.  Canariettsis,  L.        Canary-Grass, 

Occasionally  adTenti?e :  Minneapolis,  Simmons,  Upham;  WalerTille,  Le  Sueur 
county,  Oestlvmd. 

P  •  amndinacea,  L.       Reed  Canary-Grass. 
Common,  or  frequent,  throughout  the  state. 

[Milium  effusum,  L.,  probably  occurs  in  this  state,  but  has  been  overlooked.] 

BEGKMANNIA,  Host.        Bbckmanbia.    Beckmann's  Grabs. 

B.  erucseformis,  Host.*       Beckmann^s  Grass. 

Laphcun,  Pipestone  quarry  (growing  in  the  hollows  of  the  rook,  where  water  occa- 
sionally stands),  Leiberg,  [James  river,  Dakota,  Chyer;  and  north  to  the  Saskatche- 
wan river  and  Bear  lake,  IFoteon.]      Rare.       West. 

*BBcnf  AKNiA,  Host .  Panicle  racemose,  contracted.  Splkelets  compressed,  2-flow- 
ered,  the  upper  floret  an  abortive  rudiment  Glumes  2,  obovate,  compressed-boatshaped, 
snbcoriaceous,  equal,  a  little  shorter  than  the  flower,  pointless.  Palets  membranous, 
the  lower  ovate,  concave,  aeutish.  muorouate,  3-nerved,  the  u^per  2-nerved,  blfld.  Sta- 
mens 8.  Styles  2,  with  elongated  plumose  Htlgmas.  Scales  2,  bifid,  glabrous.  Oraiu 
free,  glabrous. — A  coarse  perennial  aquatic. 

B.  xBUCAFOBMia,  Host  Culms  stout,  1  to  8^  feet  high,  erect  from  an  ascending 
base,  with  the  sheaths  glabrous ;  llgules  elongated  ;  leaves  linear,  4  to  8  Inches  long 
and  2  to  6  lines  wide,  flat,  acute,  scabrous ;  panicle  4  to  12  inches  long,  erect,  strict,  se- 
cund,  the  short  crowded  branchlets  densely  flowered  from  the  base,  glabrous;  splkelets 
sessile,  Imbrlcately  arranged  in  two  rows,  nearly  orbicular,  i)i  lines  in  diameter,  the 
upper  rudimentary  floret  minute,  stlpitate.  June  to  September.  Watson^e  Rep,  in  King's 
Expl,  of  the  Fortieth  ParcMel, 
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PANICUM,  L.       Pahic-Gba88. 

p.  gldhrum,  Oaudio.        Sntooth  Finger'Orass, 

Mlaneapolto  (pleotifal),  SiimmonSt  Upham;  Blae  Baiih  oountj,  Leiberg. 

P.  sanguinah^  L.       Common  Ctxtb-  or  Finger-CfrasM. 
Minneapolis,  Kauube;  Blue  Earth  coonty,  Letberg. 

P.  agrrostoides,  Spreng.       Panic-Grass. 

Lapham.      Uamsey  and  Hennepin  eoonttes,  Oetthmd.      Sontta, 

P«  capiUare,  L.       Old-witch  Grass. 

Common  throughout  the  state.  Late  In  autumn  **the  spreading  panicle  Is  easily 
broken  off  and  blown  about  by  the  wind." 

P.  autumnale,  Bosc.       Panic-Grass. 
Lapham.      NewUlm,  Junl.      Bare.      South. 

P.  Tirgatum,  L.       Panic-Grass. 

Abundant  southwestward  and  In  the  Bed  river  valley ;  frequent  southeastward. 
'*  Nowhere  so  luxuriant  as  near  the  upper  Des  Moines  rlyer  and  Spirit  lake/*  Oeyer^ 
Torrcy. 

P.  latifolinm^  L.       Panic-Grass. 

Through  the  south  half  of  the  state,  but  Infrequent.  Minnesota  rlyer,  Parry;  Blue 
Earth  county,  Leiberg;  Minneapolis,  Simmow;  Anoka  county,  etc.,  Upham. 

[P.  elandestinum,  L.,  probably  also  occurs  in  this  state.] 

P.  xanthopbysum.  Gray.       Panic-Grass. 

Throughout  the  state.  Minneapolis,  Kanuibe;  Steele  and  Isanti  eountles,  Upham, 
[Manitoba,  Maeoun;  also  in  the  catalogues  of  Wisconsin,  Iowa  and  Nebraska.] 

P«  oonsaDguineuiii,  Eanth,  yar.  latifolium,  Yaaey,  ined.*       Panic- 
Grass - 

New  state  farm,  Bamsey  county,  OesOumd.  Probably  frequent;  resembling  P.  zantho- 
physum,  so  that  perhaps  some  of  the  references  under  that  species  belong  instead  to  this. 

P.  pauciflorum ,  Ell .        Panic-Grass. 

Throughout  the  state,  excepting  perhaps  northeastward.  Bed  river  (swampy  prai- 
rie), Dawaon;  Bamsey  county.  OestUmd;  Minneapolis,  Uphami  Blue  Earth  county,  JX- 
l)erg;  Emmet  county,  Iowa  (common),  CraUy, 

P.  dichotomum,  L.       Panic-Grass. 

Common,  or  frequent,  throughout  the  state.  [Specimens  collected  in  early  summer 
by  Mr.  Oeatlund  on  the  new  state  farm,  Bamsey  county,  are  regarded  by  Dr.  Vaaey  as 
representing  the  typical  form  of  this  species.  It  occurs  intermingled  with  other  grasses 
on  lowlands :  mainly  smooth ;  culms  slender,  l%  feet  high ;  panicle  long-peduneled.] 

P.  dicbotomum,  U,  var.  pubescens,  Yasey,  ined.    (P.  pubescens.  Lam.) 
Panic-Grass. 

Bamsey  and  Hennepin  counties  (usually  about  a  foot  high,  becoming  much  branched), 
Oeatlund,  Upham;  probably  the  more  common  form  of  the  species  in  this  state.  Qny's 
Manual  characterizes  it  4s  "a  shaggy-hairy  and  larger-flowered  variety.'*  [Culm  rather 
leafy,  1  to  2  feet  high ;  leaves  and  sheaths  decidedly  pubescent  or  villous.  LetUr  of 
Dr.  Vasey,  Sept.  ao,  1884.J 

•PAKictm  ooNSAxraunrBUM,  Kunth.  Smooth  or  villous ;  culms  (1  to  IH  feet  high) 
at  length  excessively  branched :  leaves  linear,  erect ;  panicle  long-peduncled,  the  flex- 
uous  widely  spreading  branches  few-flowered ;  spikelets  obovate,  pale,  pubescent ;  up- 
per glume  T-nerved ;  upper  palea  of  the  neutral  flower  none ;  perfect  flower  acute. 
Oho^^man*8  Flora  of  the  Southern  StaUe,  appendix,  p.aST.^^Yar.LATiFOLiUM,  Vasey, 
Ined.  Culms  weaker,  leaves  wider,  and  flowers  more  pubescent.  Minnesota,  OeeUund . 
Letter  of  Dr.  Fosey,  Sept  SO,  1884. 
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[Two  others  of  the  fonm  Ineluded  under  P.  dtehotomnm  In  Gray's  Manual,  but  sep- 
arated from  tt  by  appendix  of  Chapman's  Floraaf  the  Southern  8taU»,  with  the  descrip- 
tions here  quoted,  are  recognized  bj  Dr.  Yasey  ((Trasses  of  17.  S.)  as  distinct  species, 
namely,  P.  laziflobum,  Lam.  (culms  tufted,  smooth,  6  to  12  inches  high;  leaTcs  lanco- 
olate,  acuminate,  dilate,  mostly  pale  yellowish-Kreeo,  2  to  s  inches  long,  the  villous 
sheaths  shorter  than  the  intemodes ;  panicle  diffuse,  plumose-bearded,  rather  few- 
flowered;  spikelets  scattered,  oyal,  densely  pubescent,  the  upper  glume  7-nerTed;  neu- 
tral flower  bipaleaceons ;  fertile  flower  acute :  on  dry  sandy  ground),  and  P.  bamul- 
08UM,  MIchx.,  in  part  Oow,  6  to  8  inches  high,  tufted,  very  smooth  and  shining ;  culm 
mostly  purple ;  leaTcs  linear ;  panicle  IK  to  2  inches  long,  diffusely  branched,  many- 
flowered:  splkeletstetnute,  purple,  very  smooth,  the  upper  glume  and  neutral  palet 
5-nerved :  in  sandy  woodlands) ;  both  of  which  are  common  in  the  eastern  states,  but 
have  not  yet  been  observed  so  far  northwestward  as  Minnesota.] 

P  •  depauperatum,  Mohl.       Panic-Qrass. 

Throughout  the  state.  Lapham,  Bluelarth  county,  Leiberg;  Bmmet  county, 
Iowa.  Oratty,   TLake  Saperior,  Whitney;  Manitoba,  Maeoun.] 

P.  Cru8^alUt  L.       Bamyard-OrasB. 
Gommon  throughout  the  state. 

P.  Cnuhgalliy  L,  var.  Mspiduin,  Gray.       Cockspor  Grass. 

Bock  and  Pipestone  counties,  etc.  (frequently  seen  attaining  a  very  rank  growth 
beside  roads  where  they  cross  creeks  or  boggy  land,  apparently  indigenous),  LelJ)erg» 

SETARIAy  BeaoT.       Bbibtlt  Fox-tail  Gbass. 

8.  verticUlata,  Beauv.       BrisUy  Fax-tail  Grass, 

Mankato,  Leiberff.      Bare. 
8,  glauca,  Beauv.        '^Ptgeon-Orass,"    Foxtail. 

Common,  often  abundant,  throughout  the  state. 
8.  ffiridis,  BeauT.       **Pigeon-Grass.*'  Green  Foxtail.    Bottle-Grass, 

Also  common,  or  iU>undant,  in  cultivated  ground,  with  the  last. 
8.  Italiea,  Konth.       Millet.    Bengal-Grass, 

Becoming  a  bad  weed  in  flax-flelds  in  the  southern  part  of  the  state,  Letberg;  New 
Ulm,  JunL 

CENCHBXJS^L.        Hbdgbhog-Gbass.    Bub-Gbam. 
G.  tribuloides,  L.       <'  Sand-bar.**    Hedgehog-Grass.    Bar-Grass. 

Oommon,  or  frequent,  in  sandy  lands  along  the  Mississippi  and  Minnesota  rivers. 
(Occasionally  attacked  by  smut,  as  at  Minneapolis  in  I88i.) 

ANDBOPOOOX,  L.       Bbabd-Gbabs. 
A.  fdrcatus,  Mohl.       *'  Blae-Jomt'*    Beard-Grass.    Forked  Spike. 

Common,  or  abundant,  throughout  the  prairie  region  of  the  state ;  extending  north- 
east at  least  to  Grow  Wing  county,  Upham,  and  the  lake  of  the  Woods,  Dawson.  Highly 
esteemed  for  hay ;  soothwestward  it  Is  usually  called  **  Blue-Joint,"  a  name  which 
properly  belongs  to  Deyeuxla  Canadensis. 

A.  SGOparluBy  Michx.       Beard-Grass.    Broom-Grass. 
Common,  with  same  range  as  the  last. 

GHBTSOPOGONy  Trin.*       Chbtsopoook.    BsABD-GBAsa. 
C;  nutans,  Benth.  (Sorsrham  natans,  Gray.)       Indian  Grass.    Wood-Grass. 
Common,  with  same  range  as  the  two  last ;  making  good  hay. 

•  Chbtsopoook,  Trin.  Flowers  loosely  panienlate.  Fertile  spikelets  one-flowered, 
sessile  between  two  pedicellate  male  or  barren  spikelets  at  the  end  of  the  slender 
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EQUISETACEiE.        Hoesbtail  Family. 

EQUISETUM,  L.       Hoksbtail.    Soourino-Rush. 

[B.  Telmateia,  Bhrb.,  probably  ocean  In  tbis  state  nortb  of  lake  Superior.] 

£•  arvense,  L.       Common  Horsetail. 
Common  througbout  tbe  state. 

E.  pratense,  Ehrh.       Meadow  Horsetail.  g 

Tbrougbout  the  state,  excepting  perbaps  far  southward.  Morrison  county,  Upham; 
Htearns  county,  VampbeU;  Saiot  Pau),  JEC^Uey. 

E.  sylYaticuin,  L.       Wood  Horsetail. 

Throughout  the  state  :  common  northward,  bot  Infrequent  far  southward. 
[E.  palustre,  L.,  will  probably  be  found  In  the  north  part  of  tbe  state.] 

E.  limosum,  L.       Swamp  Horsetail. 
Common,  or  frequent,  throughout  tbe  state. 

E.  leevigataiiiy  Braon.       Horsetail. 

MlDueapolis,  Simmons,  Upham;   Bed  river,  near  Saint  Vincent,  Daw§on,  SccU. 
South  aDd  west. 

E*  hiemale,  L.       ScoorinK-Rosh.    Shave-Qrass. 

Common  throughout  the  state ;  Tery  abundant  along  tbe  banks  of  the  Minnesota 
riyer.  Parry, 

E.  variesratom,  Schleicher.       Horsetail. 

Throughout  the  state,  excepting  perhaps  far  southward.  Near  the  Mississippi  river, 
Anoka  county,  Upham;  Minneapolis,  Simmons.      Infrequent. 

E.  scirpoideSy  Michz.       Horsetail. 

Bange  like  the  last,  also  Infrequent.  LapTuim.  Deep  woods,  SL  Croix  river. 
Parry, 

FILICES.        Ferns. 

POLYPODIUM,  L.       Polypody. 

P.  Yulgraret  L.       Common  Polypody. 

Abundant,  or  common,  through  the  north  half  of  tbe  state ;  frequent  southeast- 
ward, on  the  rocky  bluffs  of  the  St.  Croix,  Mississippi  and  Minnesota  rivers,  and  their 
tributaries ;  rare  south  west  ward. 

ADIANTUM,  L.       Maidbnhaib. 

A.  pedatum,  L.       American  Maidenhair. 

Frequent,  in  inany  places  eommon  or  abundant,  tbrougbout  the  state. 

PTEBISy  L.       Bbakb  or  Braokbn. 

P.  aquilinay  L.       Common  Brake.    Bracken.    Eagle  Fern. 
Common,  or  frequent,  throughout  the  state. 

branches  of  the  panicle,  with,  sometimes,  one  to  three  pairs  of  spik^ets  on  tbe  branch 
below  tbe  terminal  three.  Fertile  spikelets  with  the  lower  glume  larger  and  coriaceous  ; 
the  second  narrower,  thick,  keeled,  pointed  or  awned  ;  the  third  hyaline  and  empty ; 
the  fourth  or  flowering  glume  hyaline  and  awned.  Palet  minute  or  none.  FoseyV 
Grasses  of  U.  8, 
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CHEI L  ANTHES,  S ..  artz.       Lip-Fkrn. 

C.  lanuginosa,  Natt.        Lip- Fern. 

Lapham, Miss  Catheart,      Falls  of  the  St.  Croix,  Parry.      Rare. 

PELIi^A,  Link.        Cliff-Brake. 

P.  srracilis.  Hook.        Slender  Cliff-Brake. 

Throughout  the  state,  but  rare.  Blue  Earth  rl?er,  and  head  of  lake  St.  Orolx, 
Parry;  Saint  Paul  (rare),  if  iM  Catheart;  eWtta  forming  the  right  bank  of  the  Missis- 
sippi In  Minneapolis,  also  at  Minneopa  falls.  Blue  Earth  county,  Leiberg;  lake  Pepin, 
MiBi  Manning;  Martin  county,  and  Emmet  county,  Iowa  (rare),  Cratty. 

P.  atropiirpureat  Link.       Clayton *8  Cliff-Brake. 

Throughout  the  state,  but  infrequent.  Stillwater,  Misa  Field;  Saint  Paul,  JfiM 
Catheart;  Hastings,  OesUund;  lake  Pepin,  Mia$  Manning;  Blue  Earth  county,  Leiberg. 

CBTPTOGBAMDIE,  R.    Br.      (Allosorus,  Bemhardi,  in  part.) 
Rock- Brake. 

€•  acrosticboides,  R    Br.  (Allofiomi  acrostichoides,  Spren^el.)       Rock- 
Brake. 

Isle  Royale,  lake  Superior,  thence  westward  and  northward,  Qray's  Manual;  doubt- 
less in  Minnesota. 

ASPLENIUM ,  L.        Splbbkwort. 

A.  TricbomaneSy  L.       Maidenhair  Spleen  wort.    Dwarf  Spleen  wort. 

Burnt  Portage,  Dawson  road,  near  the  northern  boundary  of  Minnesota,  Maeoun; 
Taylor's  Falls.  If  im  Catheart;  Lake  City,  Mrs.  Bay.  Throughout  the  state,  but  infre- 
quent. 

A.  ebeneam.  Ait.       Ebony  Spleenwort. 

Taylor's  Falls,  If fM  Ca£/icart.      Bare.       [Nebraska,  ^ttfirhey.] 

[A.  Bota-muraria,  L.,  and  A.  angustifolium,  Michx.,  should  be  looked  for  in  this 

state.] 

A,  tbelypteroides,  Michx.        Silvery  Spleenwort. 

St.  Croix  riyer.  Parry;  Stillwater,  Mim  Field;  lake  Pepin,  Ifisa  Manning;  Blue 
Earth  county,  Leiberg.      East. 

A.  Filix-foemina,  Bernh.       Lady-Fern. 

Common  (having  diverse  forms,  bat  probably  not  permanent  varieties)  In  woodlands 
throughout  the  state. 

GAMPTOSOBUS.  Link.       Walking- Leaf.    Walking-Fern. 

€•  rbizopbylloSy  Link.       Walkiog-L  af.    Walking-Fern. 

Throughout  the  state,  but  rare.  Bocks,  upper  Mississippi  river,  Geyer;  falls  of 
the  St.  Croix,  Parry;  Taylor's  Falls  and  Duluth,  Mies  Catheart;  Stillwater,  Miss  Field; 
Bed  Wing,  OeeUund;  lake  Pepm,  Ifisa  Mannino.  [Manitoba,  Maeottn;  Nebraska, 
Avghey.] 

PEEGOPTEBIS,  F^e.       Beech-Fern. 

P.  polypodioides,  F^e.       Common  Beech-Fern. 

Abundant  north  of  lake  Superior,  Roberts;  extending  south  to  the  St.  Crotx  river, 
Parry;  Taylor's  Falls  (plentiful),  Mies  Catheart.  LKanltoba,  Maeoun;  Neuraska, 
Aughey.] 
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P.  hexasronoptera,  F^.       Hexa^son  Beech-Fern. 

Dulnth  (plentlf  Id),  Miu  Oathcwrt;  and  fbiongli  the  south  half  of  the  state,  bat  rare. 

P.  DryoptoriSy  F^       Oak-Fern. 

North  of  lake  Superior  (eommon),  Roberts;  8t.  Louis  riyer,  If  rs.  Herrick;  St.  Croix 
Tim,  Parry,  MissFiOd;  Taylor's  Falls  (plentlf ul),  Saint  Paul  crare),  Jfiss  OathcaH. 
[Manitoba,  Macoun,] 

P«  calcarea,  F^.*     (P.  Dryopteris,  F^e,  var.  Robertianam,  Davenport.) 
Beech-Fern. 

"Collected  In  eastern  Minnesota,  growing  en  slaty  rocks  on  the  [west]  bank  of  the 
StLonls  riTer,  near  [dose  north  of]  the  crossing  of  the  Northern  Padflc  Ballway.by 
3f  fss  EUen  W,  Calheart.  Formerly  attributed  to  America,  but  not  clearly  known  as 
American  till  now.  It  Is  rather  eommon  In  Europe,  and  has  been  found  in  the  Hima- 
layan regions  of  Asia.  It  will  probably  be  found  from  Lake  Superior  to  Idaho.  This 
fern  is  very  elosely  related  to  the  common  P.  Dryopteris,  and  is  often  considered  a  var- 
iety of  it."  EUUon'8  Ferm  of  NorUi  America :  1880 ;  vol .  11,  p.  277.  Since  this  was  writ- 
ten, a  second  locality  of  this  fern  has  been  dlscoTcred  by  Mr.  JC.  W,  Holtcay  at  De- 
corah,  Iowa,  where  it  ooours  only  upon  a  space  about  six  feet  square,  "in  the  crevices 
of  the  north  side  of  a  limestone  bluff."  Arthur ;  BuUeUn  of  Torrey  Boianieal  Club^ 
vol.  Ix,  p.  50.  Still  more  recently  it  has  been  collected  by  Prof.  J.  Macoun  in  Antlcostl 
Island,  and  by  Dm.  O.  Jf .  i>ai0tofi  and  R.  Bett  In  the  country  around  and  to  the  east  of 
the  lake  of  the  Woods.   Scieneey  vol.  Hi,  p.  676  (June  6;  1884). 

ASPIDIUM,  Swartz.       Shibld-Fbbk.    Wood-Fbrk. 

A.  ThelsrpteriSy  SwarU.       Marsh  Shield-Fern. 
Common,  or  frequent,  throughout  the  state. 

A.  No vetM>racen8e,  Swartz.       New  York  Shield- Fern. 

steams  county,  Campbell;  lake  Pepin,  Miss  Mcamino.      Infrequent.      East. 

A.  firagrans,  Swartz.       Fragranfc  Wood-Fern. 

Isle  Boyale,  Dr.  Lyons;  Duluth  and  Taylor's  Falls,  Mies  Cathecurt;  Kettle  river  in 
T.  42,  B.  20,  Pine  county,  Uphcm;  falls  of  the  St.  Croix,  Parry;  Pipestone  quarry,  Ifrs. 
Bewnett,    [Nebraska.  ^u^Tiey. J      North  and  southwest. 

A.  spinulosuiny  Swartz.       Spinuloee  or  Common  Wood-Fern. 

Throughout  the  state,  but  rare.  Lapluim.  Duluth,  Miss  CaJthcarU  lake  of  the 
Woods,  Dawson, 

A.  spinulosuin,  Swartz,  var.  intermediam,  Eaton.       Spinulose  or  Com- 
mon Wood-Fern. 

Common,  or  frequent,  throughout  the  state,  excepting  far  southward.  Bamsey 
county,  Simmons;  Pine  county,  etc.,  Upham.  [North  of  lake  Superior,  AgasgUf;  Nebras- 
ka, ^uyhey.] 

A.  gpinulosum,    Swartz,  var.   dilatatam,  Homemann.       Splnaloee  or 
Common  Wood- Fern. 
Throughout  the  state,  excepting  far  southward.    Falls  of  the  St.  Orolx,  Parry; 
Duluth,  Miss  Cathcart:  Cascade  river,  north  of  lake  Superior,  Roberts,   [Manitoba, 
Maeoun;  Nebraka,  Avghey.} 

•PHXOOPTBBI8  OALOABBA,  Fee.  Bootstock  slondor,  cord-like,  widely  creeping ; 
stalks  scattered,  slender,  glandular,  chaffy  near  the  base,  six  to  twelve  inches  high ; 
fronds  herbaceous,  rather  rigid,  mhiutely  glandular,  deltoid,  four  to  eight  inches  long 
and  about  as  broad  at  the  base,  temate ,-  primary  divisions  stalked,  pinnate  with  ob- 
long or  ovate-oblong  plnn»,  which  are  pinnately  lobcd  or  divided ;  lowest  Inferior 
pinna  of  the  lateral  divisions  about  equal  to  the  third  pinna  of  the  middle  division ; 
lobes  oblong,  obtuse,  crenately  toothed,  or  If  very  large,  pinnately  lobed ;  veins  pin- 
nately branched,  sorl  small,  nearer  the  margin  than  the  mldveln.  Eaton's  Ferns 
cfN.A. 
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A*  Boottii , Taokerman.  (A.  spiniilofliiin,  Swartz,  var.  Boofctii,  Gray.)     Booties 
Wood-Fern. 
Kuial>ec  oouDty,  Upham.      Infreqneiit. 

A«  cristataiii»  Swartz.       CraetAd  Wood-Fern. 

Throughout  the  state ;  frequent  northward,  rare  southward.  St.  Croix  riyer,  Parry; 
Minneapolis,  Simmom;  Saint  Paul  and  lake  Harriet  (near  Minneapolis),  Miss  CaXhcarU 
Blue  Earth  county,  heXberg.  [Extending  northwest  to  lake  Winnipeg,  HaJUm;  Nebras- 
ka, Auahty,'\ 

A.  Goldiaiiiim,  Hook.       Ooldie^s  Wood-Fern. 

Minnewrta,  Daiomiport;  Minneopa  falls.  Blue  Earth  eounty,  LeOferg,     Bare.     East, 

A.  Filix-mas,  Swartz .       Hale-Fern. 

North  shore  of  lake  Superior,  near  Bearer  Bay,  OamphtU.      Bare .      North. 

A.  marsrinale,  Swartz.       Marginal  Shield-Fern.    Evergreen  Wood-Fern* 
Lapham,  Davenport,      Infrequent.      [Nebraska,  Aughey.] 

A.  aerostichoides,  Swartz.       Christmas-Fern. 
Lapham,  Miss  Cathcart,      Fort  Snelling,  Parry.      East. 

A.  liOnchitiSt  Swartz.       Holly-Fern. 

South  of  lake  Superior,  WlUtney;  doubtless  also  north  of  this  lake  in  Minnesota. 
[Nebraska,  Aughey,] 

[A.  aculeatum,  Swartz,  var.  Braunii,  Doell,  will  also  probably  be  found  in  the  north- 
east part  of  this  state.] 

GTSTOPTKBIS,  Bemhardi.       Bi«addeb-Fkrn.    Ctstcftbeu. 

C.  bulbifera,  Bemh.       Bnlblet  Cystopteris. 
Frequent,  or  eommon,  throughout  the  state. 

C.  firaflriliSf  Bemh.       Brittle  Fern. 

Also  frequent,  or  eommon,  throughout  the  state.  Very  yariable ;  the  form  named 
Tar.  dentata.  Hook.,  has  been  observed  at  Caseade  river,  north  of  lake  Superior,  Rob- 
erts; Taylor's  Falls,  Miu  Catheart;  and  in  Iowa  (common),  Arthur, 

C.  iDontana,  Bemb.       Bladder-Fern.    Cystopteris. 

In  a  swamp  at  the  silver  mine  three  miles  up  the  bay  from  Port  Arthur,  Maeoun; 
probably  also  to  be  found  north  of  lake  Superior  in  Minnesota.  [Deltoid-ovate,  deli- 
cately trlpinnate,  and  almost  quadrl pinnate  fronds,  and  a  long,  slender,  creeping  root- 
stock.   Eaton  in  Wheeler*8  Beport  of  Surveys  voeet  of  the  One  Bundredth  Meridian,} 

ONOGLEA ,  L.       Sbnsitivb  Fern. 

O.  StruthiopteriSy  Hoff.     (Struthiopteris  Germanica,  Willd.)       Qstrlch- 
J<em. 
Common,  or  frequent,  throughout  the  state,  excepting  southwestward. 

O.  sensibiliSy  L.       Sensitive  Fern. 

.Common  throughout  the  state,  excepting  perhaps  near  its  west  side.  (A  frond 
eighteen  inches  high,  sterile  on  one  side  of  the  stipe,  but  wholly  fertile  on  the  other 
side,  was  found  by  the  writer  in  Todd  county  The  form  called  var.  obtusilobata, 
Torr.,  has  been  noted  at  Taylor's  Falls,  Miss  Catheart,  and  Mankato,  Oedge.) 

WOODSIA,  B,  Br.       Woopsia. 

W«  obtusa,  Torr.       Obtuse  Woodsia. 

Throughout  the  state,  but  local.   Taylor's  Falh  [falls  of  the  St  Croix],  Parry, 
12F 
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(ftbandftnt)  Min  Oatheart,  Mi»B  FMdg  Book  oounty,  LeU)erg!  Pipestone  qiutrry,  JCrs. 

BennetL   [Manitoba,  Maeoun;  Nebraska,  Auglwy,] 

W.  nvensis,  R.  Br.       Busty  Woodsia. 

Througboat  the  state,  ezoepting  far  sootbward.  North  of  lake  Superior  (abundant^ 
RolmiB;  lake  of  the  Woods,  Dawson;  Taylor's  Falls  and  Dalath  (common).  If  iM  Caih' 
cart,  Min  Fieid;  Steams  oounty,  Mr$.  BlaUdett;  upper  Minnesota  river.  Parry;  Bed- 
wood  Palls,  Miu  Butler,  "  A  dwarf  form,  one  to  three  Inches  high,  yet  fruiting  freely, 
was  common  In  the  clefts  of  the  rocks  on  the  summit  of  Carlton's  Peak."  RoberU, 

[W.  hyperborea,  B.  Br.,  found  by  Prof.  Macoun  on  the  north  shore  of  lake  Superior, 
should  be  looked  for  la  northern  Minnesota.  It  Is  nearly  related  to  W.  nrensis,  but  is 
tenderer  in  its  texture,  much  less  chaffy,  and  narrower  in  outline,  with  shorter,  more 
obtuse,  and  less  dlYided  pinnss .    Ealon*8  Ferru  ofN.A,} 

W.  irlabella,  R.  Br.       Smooth  Woodsia. 

North  of  lake  Superior  (at  Kakabeka  falls),  Macotm;  doubtless  also  to  be  found  in 
northern  Minnesota ;  Stillwator,  Migs  Field. 

W.  Oregana,  Eaton.       Oregon  Woodsia. 

South  shore  of  lake  Superior  and  westward  [Keweenaw  peninsula  and  lake  Winni- 
peg]; doubtless  in  northern  Minnesota ;  also  at  Stillwater,  Kiss  Ffald. 

W.  soopulina,  £:iton.*       Rocky  Mountain  Woodsia. 

OoUoeted  by  Miu  CaPuart  at  Dnluth,  and  at  Taylor'k  Falls  on  the  St  Grolx  riTor ; 
Lyons  creek  below  Minneopa  falls.  Blue  Earth  county,  Qtdgt.  "Growing  In  dense 
masses  on  rocks  and  in  creylces,  from  Oregon  to  Mono  Pass,  California,  and  extending 
eastward  to  Daootah,  Minnesota  and  Colorado.  .  .  ,  The  largest  specimens  are 
from  Minnesota  and  Colorado."   Zaton's  Ferns  o/  Nort^  AvMrica, 

DIOKSONIA,  L*Her.       Dickbonia. 

D.  pilosiuscula,  Willd.  (D.  panctOobnla,  Eunze.)       Fine-haired  Mountain 
Fern.    Hay-soented  Fern. 

MiM  CaXhearU      Stoams  county,  OamphM;  lake  Pepin,  ITfss  Jfomifna.      Bare. 
Southeast. 

OSMUND  A,  L.       FiiOWBHuit}  Fern. 

O.  reffaliSt  L.       Royal-Fern.    Flowering  Fern, 

Frequent  throughout  the  stato,  excepting  far  southward.  North  of  lake  Superior 
(common  along  DeTll's  Track  river),  RobtrU\  Anoka  county,  etc.,  Vpham;  Saint  Paul 
and  northward,  MiM  Catheart,  Min  Field. 

O.  Olaytoniana,  L.       Clayton's  (Intermpted)  Flowering  Fern, 
Common,  or  frequent,  throughout  the  stato. 

O.  dnnamomea,  L.       Cinnamon-Fem. 

Throughout  the  stato,  excepting  perhaps  northwestward.  Common  north  of  lake 
Superior  and  at  Minneapolis,  RoberU;  Anoka  county,  etc,  Upham;  Taylor's  Palls,  Miss 
Cathcart,  Miu  Field;  Northfleld,  Bice  county,  Chcmey;  lake  Pepin,  Mies  Mamntng. 

*  Woodsia  SGOPUUifA,  Baton.  Boot-stocks  short,  creeping,  chaffy,  forming  large 
tufts  or  patches ;  stalks  two  to  four  Inches  high,  not  Jointed,  bright  fermglnons  near  the 
base,  paler  and  stramineous  upwards,  pubemlent  like  the  rachis  and  the  under  surface 
of  the  frond,  with  minuto  Jointod  hairs  and  stalked  glands ;  fronds  lanceolato-obloog, 
four  to  eight  inches  long,  pinnate ;  pinnae  numerous,  eight  to  fifteen  lines  long,  oblong- 
ovate,  sub-acuto,  deeply  plnnatlfid  with  five  to  eight  pairs  of  short  ovato  or  oblong 
obtuse  crenulato  or  toothed  divisions ;  sorl  sub-marginal ;  induslum  very  dellcato, 
deeply  cleft  Into  narrow  segments  which  terminate  in  short  hairs  composed  of  Irregular 
cylindrical  cells.   .   .   .   Nearly  like  W.  Oregana.   Ealon'i  Fema  of  It .  A, 
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OPHIOGLOSSACEiE.       Addee's-Tongub  Family. 

BOTBTCHIUM,  Swartz.       Gsapb-Ferv.    Mookwobt. 

JB.  liimarla,  SwAttz.       Moonwort. 

North  shore  ot  lake  Superior,  Jf  a«oiifi;  doubttets  to  hefoand  In  northem  Mlanesota. 

B.  simplex,  Hiicboock.       Hitchoock^s  Ghrape-Fern. 

Thomtoo,  Carl  ton  ooiinty  (rare).  If  Im  CatShearL  [Abundant  at  Fort  William,  north 
•of  lake  Superior,  Maeoun,}      North. 

[B.  lanoeolatum,  Angitrcom,  and  B.  matricarinfdlinni,  Braun,  probably  occur  in 
northeastern  Minnesota.  The  latter  is  distinguished  from  B.  lanceolatum  by  having 
the  sterile  segment  petioled,  diverging  but  little  and  embracing  the  fertile  when  young, 
oblong  and  only  In  the'  largest  plants  deltoid,  with  Its  dlTlsions  and  lobes  oblong  or 
orate  and  obtuse ;  panicle  with  stalk  usually  half  as  long  as  the  sterile  aegment,  and 
sometimes  longer  than  it ;  and  by  its  fruiting  two  or  three  weeks  earlier.  Saton*B 

B.  Yirfpinianum,  Swartz       Virginia  Grape-Fern.    Rattlesnake  Fern. 
Frequent,  or  common,  throughout  the  state, 

B«  tematam,  Swartz.   (B.  lanaiioides,  Swartz.  B.  australe,  R.  Br.)       Ter- 
nate  Qrape-Fern. 

Thronghout  the  state,  but  infrequent  St  Croix  river,  Party;  St  Croix  Falls  (rare), 
Jfin  Field;  lake  Pepin,  Mfes  Mamning;  near  Lake  Crystal  (station  now  obliterated), 
lAiberg;  lake  of  the  Woods  at  mouth  of  Rainy  river,  Dawson,  •  [Var.  obliquum,  Milde, 
and  var.  dlsseotum,  Milde,  probably  also  ooeor  in  this  state.] 

OPHIOGIiOSSUM,  L.       Adder's  Tongub. 

O.  Yulgratum^L.       AdderVTongae. 

Lake  o(  the  Woods  at  mouth  of  Rain^  river,  with  the  last,  Vawwn,      Rare. 

LTCOPODIACEiE.        Club-Moss  Family.* 

liTCOPODIUM,  L.       Club-Moss.    Trailing  Eybrgrbrh. 

I^.  lucidulam,  Michx.       Shining  Olnb-Moss. 

Mouth  of  Devil's  Track  river,  lake  Soperior,  and  on  Carlton's  Peak  (abundant), 
Boherti;  lake  of  the  Woods,  Daioson,*  Kettle  river.  Pine  oounty  (common),  Vpham;  St. 
Orolx  river.  Parry;  Blue  Earth  county,  Leiberg.  [Hesper.  Iowa,  Mrs.  Carter;  the  sole 
species  of  this  genus,  and  its  only  locality,  known  in  Iowa,  Arthur.]      North. 

li.  SelasTO,  L.       Fir  Clob-Moss. 

North  shore  of  lake  Superior,  Juiti,  BoberU.      Rare.      North. 

X.  iniindatum,  L.       Marsh  Club-Moes. 

Palisades,  north  shore  of  lake  Superior,  Juni;  Stillwater,  Mits  Butter. 
North. 

li.  annotinum,  L.       Club-Moss. 

Common  through  the  north  part  of  the  state ;  extending  southwestward  to  Fine 
eonnty  (common).  Upham,  and  the  sources  of  the  Mississippi,  Houghton, 

li.  dendroideuni,  Michx.       Tree-like  Club- Moss.    Ground- Pine. 

Common  northward,  extending  southwest  to  Wadena  county ;  the  most  plentiful 
apecles  of  dub-moss  in  Pine  county,  Upham. 
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li.  daTatuniy  L.       Common  Club-Moss. 

Common  nortbward,  extending  thus  south  at  least  to  Fine  eonnty. 

li.  complanatiun,  L.       Club-Moss.    Festoon  Ground-Pine. 

Conmion  northward ;  extending  south  to  Wadena  and  Pine  eounties  (next  in  abun- 
dance after  IL  dendroldeum,  Michx.),  Upham.  This  and  the  three  species  next  pre- 
ceding are  bounded  within  nearly  the  same  limits  as  the  pines,  spniee  ajid  ftr. 

li.  oomplanatnm,  L.,  Tar.  sabinsefolliim.  Spring.      Club-Moss.  Ground- 
Fir. 
Frequent  far  northward ;  upper  Mississippi  river,  OarrUon, 

SELAGHNELLEiE. 

i 
SBLAGINELLA,  Beauv.       Dwarf  Club-Moss.    SsLAaurELUL, 

S.  selaginoides,  Link.       Dwarf  Club-Moss. 

Isle  Royale.  Dr,  Lyons;  north  Shore  of  lake  Superior,  Maecun;  doubtless  to  be  found 
in  northern  Minnesota. 

S  •  rupestris,  Spring.        Dwarf  Club-Moss. 

Throughout  the  state.  iAke  ef  the  Woods,  Dawaon;  Morrison,  Benton  and  Steams 
eounties,  Upham;  upper  Minnesota  river  and  falls  of  the  8c.  Groix,  Parry;  Blue  Earth 
county,  Ldberg;  Redstone,  near  New  Ulm,  Juni;  Redwood  Falls,  Miu  BvUer;  Pipestone 
quarry,  MrB.B€nnUU 

[8.  apus.  Spring*  will  probably  be  found  in  the  south  part  of  the  state.] 

[Isoetes  lacustrls,  L.,  I.  echinospora,  Durteu,  var.  Braunil,  Bngelm ,  L  rtparla,  En- 
gelm.,  and  I.  melanepoda,  J.  Gay,  should  be  looked  for  in  this  state.] 

MARSILIACE.E. 

MARSILIA,  Lam.       Mabsilia. 

M«  Testita,  Hook.  &  Gi«y.*       Marsilia. 

"Dry  Hwamps  in  the  prairies  near  Devirs  lake,"  In  northeastern  Dakota,  Qtyer; 
"near  the  Mississippi  river,"  in  Iowa,  Dr.  Cou»en$i  probably  also  in  Minnesota.  (See 
notes  on  this  species  In  Arthur*B  ContribuKonB  to  the  Flora  of  Iowa,  No,  VI.) 

[Prof.  Eaton  writes  that  the  Marsilia  cited  as  collected  by  Geyer  is  the  original 
of  M.  mucronata,  Braun ;  but  It  Is  regarded  by  Prof.  Eaton  as  a  form  of  M.  vestita,  as 
at  first  determined  by  Dr.  Torrey,  differing  from  the  ordinary  type  in  having  longer 
peduncles  and  less  hairy  sporocarps.  M.  undnata,  Braun,  is  found,  according  to  Prof. 
Eaton,  in  Texas,  Louisiana  and  Florida.] 

SALVINIACEiE. 

AZOLLAyL.       AzoiiLA. 

A*  Caroliniana,  Willd.       Azolla. 

Lapham.  [The  range  of  this  species  Is  stated  by  Prcf,  Baton  Jn  the  Botany  of 
CaUfomia  to  be  from  "Oregon  to  Arizona,  eastward  to  the  Atlantic,  and  southward  to 
Brazil."] 

*MAfisiLiA  VBSTiTA,  Hook.  &  Qrcv.  Leaflets  broadly  cuneate,  usually  hairy,  entire, 
2  to  7  lines  long  and  broad ;  petioles  i  to  4  inches  long ;  peduncles  free  from  the 
petiole ;  sporocarps  solitary,  short-peduncled,  about  2  lines  long,  very  hairy  when 
young ;  upper  tooth  longest,  acute,  straight  or  curved ;  lower  tooth  obtuse,  the  sinus 
between  them  rounded.    .    .    .    Oregon  to  Texas.   Eaton  in  Botany  of  Cdlifomla, 


Digitized  by  VjOOQIC 


STATE  GB0L0OI8T.  181 


APPENDIX. 


Since  the  date  of  the  acknowledgments  made  on  page  10,  con- 
tributions to  this  catalogue  have  been  received  from  Mrs.  G.  L. 
Herrick,  of  Minneapolis;  Mr.  A.  W.  Jones,  of  the  state  university; 
Mr.  W.  H.  Kelley,  of  Saint  Paul;  and  Mr.  0.  W.  Oestlund,  of  Min- 
neapolis. Three  varieties  of  grasses,  described  by  Dr.  Vasey,  are 
first  published,  with  his  permission,  on  pages  161  and  172.  Mr. 
Xelley  also  supplied  a  copy  of  notes  on  the  '^  Botany  of  Winona 
county,"  by  J.  C.  Norton,  M.  D.,  printed  in  the  Winona  Repulh 
lican,  July  14  to  Sept.  22,  1857,  including  a  list  of  211  species. 
Several  of  these  are  accessions  to  the  foregoing  catalogue,  while 
for  other  species  their  known  geographic  range  in  this  state  is  ex- 
tended. Items  from  this  source,  and  others  sent  by  correspond- 
•ents  too  late  for  insertion  in  their  regular  places,  are  as  follows: 

19'astartiiim  obtusum,  Natt       Water-Cress. 

Winona  ooanty,  Norton;  Mlnnehaba  falls,  Hist  Butler,      South. 

Oardamine  rotundifolia,  Michz.  (Inclading  0.  rhomboidea,  var.  purpurea, 
Torr.)       Mountain  Water-Cress, 
Winona  eonuty,  Norton,      Infrequent. 

Arabia  petrsea,  Lam.       Rock  Cress. 

Winona  county,  Nmton.   [Banging  from  southern  Michigan  to  the  shores  of  lake 
^Superior,  Isle  Soyale,  and  far  northward.] 

Hypericum  peirforatufn,  L.       Common  St,  John^t-tDort, 
Winona  county,  Norton.      Infrequent.      South. 

"Stellaria  uliginosa,  Murr.       Swamp  Stitchwort. 

Fond  du  Lac,  at  west  end  of  lake  Superior,  Mr$.  HerrieH.      North. 

-Cassia  Marylandica,  L.       Wild  Senna. 
Winona  ceunty,  Norton,      Infrequent.      ttouth. 

Cassia  nictitans,  L,       Wild  Sensitive-Plant. 
Lily  lake,  StiUwater,  Mim Butler.      Bare.      South. 

.AMMANNIA  biimilis,  Michx,       Anunannia. 
Lake  City,  CKZ»oi».       Infrequent.       South. 

Cornus  florida,  L.       Flowering  Dogwood. 

Upper  Mississippi  river,  Oarritonf  northern  Minnesota,  8araent*$  Catatoava  of  the 
Vorut  Trees  of  N,  A.;  Bamsey  county,  WinchM.      Bare.      South. 

Xepacbys  columnariSy  Torr.  &  Gray,  var.  pulcherrima,  Torr.  k  Gray. 
Lepachys. 
Bed  river  valley  near  Saint  Vincent,  Scott,  West.  [Differs  only  In  having  a  part 
or  even  the  whole  upper  face  of  the  ray  brown -purple ;  varies  southward  Into  more 
slender  and  branching  forms,  some  with  rays  reduced  to  a  quarter-Inch.  Qray'e  Syn' 
toptfeol  Flora  of  N,  A.,] 

•Qnercus  nigra,  L.       Black  Jack  or  Barren  Oak. 

Boathem  Minnesota,  Bargente  Catalogue  of  the  Foreet  Trees  of  N,  A. 
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Additional  Looalitibs. 

Nelumblam  Inteum,  WlUd.:  In  lake  Pepin  near  Frontenae,  MUb  Mann/lng,  Mn.  JElay. 

Oardamlne  pratensls,  L.;  Winona  oonnty,  Norton. 

Ozalis  AcetoMlla,  L.;  Winona  oonnty.  Norton,  [Bxtondlng  sontb  In  Mlehlgan  to 
lake  St  Glair.] 

TrlfoHimn  hybriOumt  L.:  Minneapolis,  A.  W.  Jone9, 

Desmodlnm  rotundUoUura,  DC.:  Winona  county,  Norton. 

FicidMitlva,  L.;  Washington  oennty,  Minneapolis  and  Saint  Cloud. 

Splrssa  tomentosa,  U;  Winona  eonnty,  Norton. 

Myrlophyllum  heteropbyllani,  Mlchx.;  West  Saint  Paul,  If  iM  BuOer. 

(Bnotbera  fnitlcesa,  L.;  Winona  eonnty,  Norton;  Waseea  county,  Mim  TbraXL 

Berula  angustifolia,  Koch ;  Winona  eonnty  (abundant  In  eold  spring  brooks,  tail 
most  abundant  In  the  coldest  water),  Norton, 

Cephalanthus  oeeldentalls,  L.;  Winona  county,  Norton, 

Honstonla  purpurea,  L.,  var.  ciUolata.  Gray :  Winona  eonnty,  Norton, 

Solidago  ulmlfoUa,  MuhL;  Blee  county  (rare),  Chaney, 

Ambrosia  trlllda,  L.,  var.  IntegrUolia,  Torr.  ft  Gray ;  common  In  the  Bed  river  va^ 
ley,  LHberg, 

Hellanthus  blrsutus,  Baf . ;  Blee  eonnty,  Chaney, 

Coreopsis  trichosperma,  Mlchx.;  8alnt  (^ond,  CampheU, 

Lobelia  cardlnalls,  L.;  Owatonna,  Steele  county,  Ohaney. 

Asclepias  Tertlclllata,  L. ;  add  :  common  south  westward. 

Cydoloma  platyphyllum,  Moquln  ;  bank  of  Cannon  river,  Northfleld,  Bice  oounty» 
Chaney, 

Chenopodlum  capltatum,  Watson ;  Stockton  quarries,  near  Winonai  Hblsfncrer. 

Froelichla  Fleridana,  Moquln  ;  near  Bed  Wing,  Sandl)erg, 

Polygonum  Virginlanum,  L.;  Bamsey  county,  Oestluful. 

Dloscorea  TiUosa,  L.;  Bed  river  valley,  Leiberg, 

Sporobolus  asper,  Kunth ;  Minneapolis,  Oeatlund, 

GOBRBOTION8  IK  NOMSNCULTUBB. 

Prof.  C.  8.  Sargent  has  kindly  permitted  the  pemsal  of  proofs  of  his  Oaialogueof  tho^ 
ForeU  Trees  of  North  America,  a  report  soon  to  be  published  lor  the  Tenth  Census  of 
the  United  States,  according  to  which  several  changes  in  nomenclature  are  required  by 
species  in  this  catalogue,  making  them  read  thus  :  Quxbcds  obtusiloba,  Mlchx. ;  Q. 
PBIM01DB8,  WUld.,  (Q.  Prlnus,  vars.  acuminata,  Miehx.,  and  humlli^  Marshall) ;  Bxru- 
I.A  PAPTBIFKRA,  Marshall  CB.  papyracea.  Ait.) ;  Alkus  ingaka,  WUld.  [only  the  type 
occurs  here,  while  var.  vlrescens,  Watson  (var.  glauca,  Begel,  in  part),  ranges  from  the 
Saskatchewan  to  British  Columbia,  and  thence  south  in  the  mountains  to  New  Mexico] ; 
Alkvs  sbbbulata,  WUld. ;  and  Amma  balsajua.  Miller.  Of  Populus  balsamlfera,  L,^ 
var.  candlcans.  Gray,  Prof.  Sargent  writes :  '*  Bare  and  perhaps  unknown  In  a  wild 
state ;  very  common  In  cultivation." 

RbYIEW  OF  THB  GaTALOGXTB. 

The  total  number  of  plants,  including  both  species  and  varie^ 
ties,  enumerated  in  this  catalogue  and  appendix,  is  1650,  belonging 
to  557  genera,  and  representing  118  families  or  orders.  Seven- 
tenths  of  the  whole  are  exogenous:  of  which  480  are  polypetalous, 
512  gamopetalous,  149  apetalous,  and  14  gymnospermous.  Of  the 
remaining  three-tenths  427  are  endogenous,  and  68  are  vascular 
cryptogams. 

One-twelfth  of  this  flora  consists  of  introduced  species,  number- 
ing 138:  of  which  120  are  exogenous,  54  being  polypetalous,  44- 
gamopetalous,  and  22  apetalous;  and  18  are  endogenous.  The 
twelve  orders  contributing  most  tp  this  number  are  Composittt,  18; 
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GraminesB,  17;  Cracifer»,  12;  Caryophyllacefis,  9;  LeguminossB,  9; 
Labiatse,  8;  Polygonacesd,  7;  Solaoaoee,  6;  GhenopodiaceflB,  6;  Mal- 
yaceeet,  5;  UmbelliferaB,  5;  and  Borraginacese,  5.  One  order  and 
fifty-five  genera  are  represented  only  by  introduced  species;  leaving 
117  orders,  602  genera,  and  1512  species  and  varieties,  occurring 
indigenously  in  this  state. 

Counting  only  indigenous  plants,  the  twelve  largest  orders  are 
as  follows:  Gompositse,  204;  Gyperacese,  129;  GramineaB,  122;  Legu- 
minosae,  62;  RosacesB,  62;  RannnculaceaB,  45;  Filices,  43;  Orchid- 
ace»,  41;  Grucifer»,  39;  LiliacesB,  39;  Scrophnlariacead,  37;  and 
EricaeesB,  34;  making  857,  or  nine^^izteenths  of  our  native  flora. 

Again  counting  only  indigenous  species  and  varieties,  the  forty 
largest  genera  are  Garez,  89;  Aster,  84;  Solldago,  28;  Polygonum, 
20;  Ranunculus,  18;  Viola,  17;  Potamogeton,  16;  Helianthus,  16; 
Juncusy  15;  Potentilla,  14;  Saliz,  14;  Aspidium,  13;  Asclepias, 
Habenaria,  and  Panicnm,  each  12;  Euphorbia,  Quercus^  and  Scir- 
pus^  each  11;  Anemone,  Rubus,  Galium,  Artemisia,  Gerardia, 
and  Gentiana,  each  10;  £rigeron,  Vaccinium,  Pyrola,  Eleocha- 
ris,  and  Poa,  each  9;  Arabis,  Hypericum,  Astragalus,  Desmodium, 
Ribes,  Gornus,  Gnicus,  Trillium,  Cyperus,  Elymus,  Equisetum,  and 
Lycopodium,  each  8.  In  thirty-one  of  these  genera,  including  the 
first  three,  no  introduced  plant  is  found. 

Of  the  412  species  in  Sargent's  Catalogue  of  the  Forest  Trees  of 
North  America  [north  of  Mezico],  81  occur  indigenously  in  Minne- 
sota; but  eight  of  these,  though  becoming  trees  in  some  portions  of 
the  United  States,  do  not  here  attain  a  tree-like  size  or  habit  of 
growth,  while  forty-eight  (mostly  noticed  on  pages  13  to  15)  be- 
come large  trees,  at  least  forty  or  fifty  feet  high.  Besides  these, 
about  125  indigenous  shrubs  belong  to  this  flora,  making  its  whole 
number  of  woody  plants  about  206.  Two  species  of  Smilaz  are 
the  only  endogenous  plants  in  this  number. 

In  the  statements  of  geographic  range  northward,  very  im- 
portant aid  has  been  derived  from  lists  by  Prof.  John  Macoun,  of 
plants  found  in  British  America  north  of  Minnesota,  published  in 
Beports  of  Progress  of  the  Oeological  and  Natural  History  Survey 
of  Canada  for  1875-76,  1878-79,  and  1879-80;  from  his  Catalogue 
of  Canadian  Plants;  Part  L  Polypetalce^  published  as  a  report  of 
the  same  survey,  in  1883;  and  from  manuscript  notes,  communi- 
cated by  Professor  Macoun,  respecting  the  divisions  of  the  flora 
after  Polypetals.  Toward  the  east,  south  and  southwest,  similar 
aid  was  found  in  Wheeler  and  Smith's  Catalogue  of  the  Phcenoga" 
mous  and  Vascular  Cryptogatnous  Plants  of  Michigan:  1881  (con- 
taining 1634  species  and  varieties^  of  which  1476  are  indigenous); 
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Betulaeese 

16 
2 
8 
28 
18 

i 

2 

1 

8 

12 
2 
7 
17 
12 

14 

17 

18 

18 

8 

14 

4 

18 
13 

1 
2 

Sallcaeese. 

GonifersB. 

4 
1 

TaxaeesB 

1 
6 
4 
7 
18 

2 

3 

4 
10 

1 
6 
4 
6 
16 

12 

1 

4 
8 
4 
13 

Araoen  .......... 

Lemoacen. 

Katdacese! !.'!.'.'!.'! 

8 
8 
12 

AlismseeaD 

HydroeharidaoesB. 

Orcbldae«» 

AmaryllidacesB.... 
HsemodoracesD... 

14 

14 

10 

1 
1 

4 
1 
10 

9 

2 

40 

1 
1 

84 

7 
2 
14 

1 

28 

4 
1 
9 

IridaeesD 

DIOBCoreacesD 

Smilacen 

18 

17 

2 

1 
4 
40 
18 

4 

0 

2 

I 
4 
84 
16 

81 
12 

2 

1 

2 

26 

9 

82 
10 

Ullacese 

6 

Juneaoeso 

7 

Pontederiaee».... 
OommelynaeesB... 

XyrtdaceaB. 

Briocaulonacesd. . 
OyperacecB. 

10 

10 

8 

1 

1 

1 

120 

*"*S7 

2 

1 

1 

I 

118 

■**'96 

2 

1 

""m 

92 

1 

""ai 

Oraminen 

Equlsetacee 

Ffllcoa 

OphlogloBBaeeflB... 
Lyoopodiao<;e.... 

47 
16 

42 
16 

138 
8 

48 
6 

8 

80 
6 

19 

4 
6 

96 

7 
40 

4 
7 

92 
8 

82 
3 
6 

79 

4 
22 
2 

1 

89 
g 

29 

48 
8 

11 
2 
2 

SelairiQellesB 

Mai^liacese 

SalTlniaceie  

2 

1 
1 

1 

2 

2 

2 

1176 

1 

1 

1 
1 

1 

118  Orders 

607 

602 

1680 

290 

1048 

1210 

949 

1091 

886 

G,  D.  Swezey's  Catalogtie  of  the  Phcenogamous  and  Vascular  Cryp^ 
togamous  Plants  of  Wisconsin^  forming  chapter  Y  in  Oeology  of 
Wisconsin^  toL  1: 1883  (containing  1473  species  and  varieties,  of 
which  1887  are  indigenoas);  J.  G.  Arthur's  Contributions  to  the  Flora 
oflotva^  numbers  I  to  VI:  1876  to  1884  (containing  1210  species  and 
varieties,  of  which  1097  are  indigenous);  and  Prof.  Samuel  Aughey's 
Catalogue  of  the  Flora  of  Nebraska:  1875  (containing  1718  species 
and  varieties  of  phsBUOgams  and  vascular  cryptogams,  of  which 
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1648  are  indigenous).    Adcnowledgment  is  also  due  to  Mr.  Arthur 
for  valuable  information  and  suggestions  daring  this  work. 

The  preceding  table  presents  comparisons  with  the  four  state- 
catalogues  mentioned;  and  also  with  the  Botany  of  California  (1876- 
and  1880;  by  Brewer,  Oray,  and  Watson;  2694  species  and  33^ 
yarietivis,  including  introduced  plants);  with  the  flora  of  New  Eng* 
land,  as  indicated  by  Gray^s  Manual  (approximately  1S64  species- 
and  varieties  of  native  phaenogams,  248  introduced  phasnogamSf. 
and  74  vascular  cryptogams);  and  with  the  flora  of  Europe,  so  far 
as  it  is  represented  in  that  of  the  northern  United  States,  also- 
shown  by  Gray's  Manual.  From  this  table  it  appears  that  290  spe- 
cies and  varieties  of  the  indigenous  flora  of  Minnesota  are  also  found 
native  in  Europe;  1048  in  New  England;  1210  in  Michigan;  1176  in 
Wisconsin;  949  in  Iowa;  1091  in  Nebraska;  and  3S5  in  California. 

In  submitting  this  catalogue  to  readers,  students  and  botanists, 
it  seems  desirable  to  repeat  that  it  claims  to  be  merely  a  report  of 
progress  in  an  unfinished  work.  It  is  hoped  that  its  publication 
will  incite  all  the  workers  in  this  field  to  increased  efforts,  so  that 
the  final  report  of  this  part  of  the  state  survey  shall  be  made  as- 
complete  and  accurate  as  possible.  The  cryptogamic  vegetation, 
as  mosses,  liverworts,  lichens,  fungi,  and  algae,  will  there  be  cata* 
logued;  and  within  the  province  of  the  present  work,  there  will  be- 
incorporated  additions  and  corrections,  as  well  as  extension  or  more- 
exact  limitation  in  statements  of  the  range  of  species,  so  far  a» 
known.  For  this  purpose,  botanists  are  requested  to  keep  full 
notes  of  all  observations  that  supplement  or  amend  this  catalogue, 
and  to  send  them,  together  with  specimens  of  plants  found  in  Min* 
nesota  but  not  herein  recorded,  to  Prof.  N.  H.  Winchell,  curator 
of  the  state  university  museum,  Minneapolis. 

Probably  about  a  tenth  part  of  the  total  phaenogamous  flora 
of  the  state  remains  yet  to  be  noted  in  neglected  nooks,  in  marshy 
dense  woods,  cool  ravines,  on  cliffs  and  hills,  in  streams  and  lakes. 
Numerous  species  and  varieties  new  to  science  quite  certainly  await 
discovery;  and  it  will  be  interesting  in  many  cases  to  compare  our 
common  and  well  known  plants  with  specimens  of  the  same  gath- 
ered in  distant  portions  of  the  country,  or  even  in  this  region  under 
differing  conditions  of  soil,  moisture^  or  shade.  The  greater  part 
of  the  accessions  must  be  expected,  of  course,  near  the  borders  of 
the  state,  being  often  species  that  are  common  or  frequent  beyond 
our  limits  but  extend  only  scantily  into  Minnesota. 
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Nftmes  of  orders  or  famlUes  are  In  bmall  capitau  ;  [synonyms  are  enclosed  In 
brackets ;]  introduced  species,  and  genera  represented  only  by  Introduced  species,  are 
in  Italic  type. 


▲bies,  132, 183, 
182. 

ul5u«aon,34. 
Acalyplia,  128. 

▲GAMIHAGUB, 

102. 
ACAKTHUS 

FAMILY,  102. 

Acer,  39. 
Acerates,  110. 
Aeblllea,  M. 
Acnida,  118. 
Aeorus,  180. 
Aetna,  21. 
Adam-and-Eye, 

142. 
Adder's-Moutb. 

141. 
Adder's- 

Tongue,  14S, 

179. 
Addbb'b- 

TOlf  OUS  FAMI- 
LY, 179. 

Adenocanlon, 

70. 

Adlantum.  174. 
Adoxa,  86. 
JEOwaa.  61. 
Agrtmonia,  49. 
Agrimony,  49. 
Agropyrum,  169. 
Agrostts,  160. 
r  Alra,  171.] 
Albinos,  20, 36, 

41. 

Alder,  128. 
Aletris,  148. 
Alexanders,  62. 
Al/aya,4l. 

ALQX,  11, 186. 
AUBMAOXiB, 
137. 

Alisraa,  188. 
**Alkali-Gra8S/' 

144. 

Alkanet,  107. 
Allium,  14, 147. 
[Allosonis,  t7&] 
Alnus,  128, 182. 
Alopecurus,  160. 
Ahnke  Clover, 

41,  182. 


Alum-root,  SB. 
^lyssum,  27. 

AMARAXTA- 
CBJB,  118. 

Amaranth 

FAMTLY,  118. 

Amarantb,  118. 
Amarantus,  lia 
Amabyllida- 

CBJr,  142. 

Amaryllis 
family,  142. 

Ambrosia,  18, 
79, 182. 

Amelanobier, 
83. 

Ammattnia,[58,] 

Aminopbila, 

162. 

Amorpba,14,48. 
Ampelopsis,  38. 
Amphicarpsea, 

47. 
Anacardi- 

ACCiB,87. 

Anaoiiarls,  189. 
AnagaUis,  97. 
Anapballs,  86. 
Andromeda,  94. 
AndropogOD.  14, 

178. 

Androsace,  96. 
Anemone,  17. 
Angelica,  6, 61. 
Anise  Hyssop, 

105. 

Antennaria,86. 
AnthemU,^ 
Anycbla,  33. 
Apnyllon,  98. 
Aplos,47. 
Aplecirum,  142. 
Aplopappus,  14, 

AxbcYMACBJS, 
113. 

Apocynum.  113. 
Apple,  6,  03 
AppU-of'Peru, 

[AQUIFOU- 
AORJE,  96.1 

AquUegla,14, 


ArabU,24,  [26,] 
181. 
ARACRa,134. 
ARALlAORa^63. 

Aralla,  68. 

Arbor  Vltse,  16, 
133. 

Arbntus,  Trail- 
ing, 93. 

Arebangellca, 
61. 

Arcbemora,  61. 

Arctic  Rasp- 
berry, 51. 

Arctium,  88. 

Arctoetapbylos, 

98. 

Arenarla,  32. 
Arethusa,  141. 
ArlsBma,  184. 
Arlstlda.  14, 168. 

ARISTOLOOHI- 
AORJS,  116. 

Aristolocbla, 

116. 

Arnica,  87. 
Aromatic  Win- 

terKreen,i5,98. 
ArrhenatM' 

rum,  171. 
Arrow-grass, 

137. 
Arrow-bead, 

138. 
Arrow-wood, 

66. 

Artemisia,  84. 
Artlcboke,  82. 
Arum  fam- 
ily. 134. 
Asarabacca, 

116. 

Asarum,  116. 

ASOLBPIADA- 
GRE.  114. 

Asdeplas,  14, 
114,  182. 

ASb,(87.  63.)  116. 

Asb-leaved  Ma- 
ple, 40. 

AnMragua,  146. 

Aspen,  130. 

Atperugo,  106. 

Aspbodel. 
False,  146. 


Aspidlum,176. 
Asplenium,  176. 
Asprella,  170. 
Aster.  70,  [74,] 
188. 
Astragalus,  14, 

Atriplex.117. 
Arena,  170. 
Avens,  49. 
Awlwort,  27. 
AzoUa,  1801 

Baehtlor'a 

Button,  m. 
Balm  uf  Olle- 

ad,  131, 182. 
Balmony,  99. 
Balsam,  36. 
Balsam-apple, 

09. 
Balsam  Fir,  16, 

133. 
Balsam  Poplar, 

130. 

Baneberry,  21. 
Baptlsla,  47. 
Barbarea,  26. 
Barberry 

family,  21. 

Barberry,  21. 

Barley-Grass. 
169. 

Bamycard' 
Qra9$,  173. 

Barren  Straw- 
berry. 49. 

Basil,  104. 

Bass  wood,  35. 

Bastard  Toad- 
flax, 122. 

Batb  Flower, 
144. 

Bayberry,  127. 

Beacb  Pea,  46. 

Beak-Bush,  102. 

Bean,  47. 

Bearberry,  98. 

Beard-Grass, 
14, 173. 

Beard-tongue, 
99. 

Beayer-Polson, 
62. 


Beckmannia, 

14,171. 
Beckmann's 

Grass.  171. 
BedAtraw,  67. 
Beech,  127. 
Beech-Fem.l70w 
Beggar's  Lice, 

106. 

Beggar-ticks,  83. 
BeUflower,92. 
Bellwort.  149b 
Bengal-Qrasa, 

178. 
Bent-Grass, 

160,  162. 
Bbbbrrida- 

CBA,21. 
Berberi$,  21. 
Bergamot, 

Wild.  104. 
Berula,  63. 182. 
Betony,  wood, 

102. 
Brtulagbjb, 

128. 

Betula,  128. 182. 
Bldens,  83. 
Big  Woods,  13. 
Bilberry,  92, 93. 
Bindweed,  iio, 

120. 
BlROH  FAMILl^, 

128. 

Birch.  128. 
Blrtbroot,  144. 

BIRTBWORT 
FAMILY,  116. 

Blrthwort.  116. 
Blsbop's-Cap, 
05. 

Bistort,  Alpine, 

118. 

Bitter  Crpss,  24. 
Bitter-nut,  128. 
BUter-no&U, 

(39,)  111. 
Bitter-weed,  79. 
Blaek  Alder,  96, 

128. 

Blackberry,  02. 
Black-cap 


Blaci 


ipberry,  01. 
Ik  Haw,  66. 
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Black  Walottt, 

16, 125. 
Bladder-Fern, 

177. 
Bladder  Ket- 

mia,  84. 

Bladder-nnt,89. 
Bladder-pod,  27. 
Bladdbswort 

FAMILY,  98. 

Bladderwort«08. 
BiaziDg-atar, 

14.68. 

BlepblUa,  106. 
Bute,  117. 
[Blltum.nMn.] 
Blood-root,  28. 
Bloodwort 

FAMZLT,  148. 

«*Bloody  War- 
rior." 101. 

Blue  Beech,  127. 

Bluebell,  82. 

Blueberry,  I6i)2. 

BVue-bottUfVl, 

BlueCobOHh,21. 

Blue-eyed 
6raB8, 148. 

Blue  Flag.  143. 

Blue-Graes,  187. 

Blue-Hearts, 

100. 

Biue-Jolot,  14, 
182, 173. 

Blue  Leituce.oi. 
BcDhmeria,  125. 
Bog-Buiih,  148. 
BoltoDla,  74. 
Boneset.  7o. 

BOBAQB  FAIC- 

ILT,  106 
BORRAOIMA- 

CKJS,  106. 

Botrychlam,179. 
Bottle-brusli 

Oram,  no. 
Bottto-Orow, 

178. 


Bouceloua,  14, 
184. 

Box- Elder,  40. 

Brachyelytrum, 
162. 

Bracken,  174. 

Bracted  Bind- 
weed, no. 

Brake.  174, 176. 

Bramble,  61. 

Brasenta,21. 

Braagfea.  28. 

BriaUy  Fox-taU 
Qra88, 178. 

Brittle  Pern,m. 

Brome -Grass, 
168 

Bromus,  168. 

Brooklime,  100. 

Broom-Grass, 
178. 

Broom-rape 

FAMILY,  96. 

Broom-rape,  98. 
Brunella,  105. 
Buchloe,  14, 166. 
Buchnera,  lOO. 
Buckbean,li8. 

BUCKTRORW 
FAMILY,  88. 

Buckthorn,  88. 

BUCKWHBAT 
FAMILY,  lia 


Buckwheat,  120. 
Buffalo-Berry, 
121. 
Buffalo-Grass, 

164,165. 

Bugle-weed.t04. 

Bug-seed,  117. 

Bulrush,  161. 

Buneh'berry,64. 

Burdock,  W, 

Bur-Grass,  173. 

Bur-Harlgold, 
83. 

Burnet  Saxi- 
frage, 62. 

Burning -Bush, 
39. 

Bur-Oak,  196. 

Bur-reed,  186. 

Bur-seed,  107. 

Bush-Clover,  46. 

Bush-Heney* 
Auckle,  66. 

ButUr-andr- 

Buiterenp,  18,19. 

Butterfly-weed, 
116. 

Butternut,  126. 

Butter-weed,  74. 

Butterwort.  98. 

Button-bush,  67, 
182. 

Button  Snake- 
root.  60. 68. 

Buttonwood, 
126. 

Cacalla,  88. 

CACTACB.fi.  69. 

Cactus  fami- 
ly, 69. 

"Cactus,"  69. 

Caklle,  28. 

[Caiamagrostis, 
182.] 

Calamlnt,  104. 

Calamlntha, 

104. 

Ca!amus,  186.' 
Oalla,  184. 
Calllrrhoe.  84. 

CALLITR1CHA- 
CBJB,  122. 

Callttriche,  122. 
Calopogon,  141. 
Caltba,  20. 
Calypso,  141. 
[C^aiystegla, 
no.] 

Camaftsta,  147. 
Camelina,  27. 
Campanula- 

CBfi,  92. 

Campanula 
family.  92. 

Campanula,  92. 

Campion,  81. 

Camptosorus, 
176. 

Canary  Orass, 

171, 

Cancer-root,  98. 
Cannabig,  125. 
Caper  FAMILY, 

28. 
Capparida- 

CBfi.  28. 

Caprifoli- 

ACBfi,  64. 

CapteUa,  27. 
Caraway,  60. 


Cardamlne,  M, 
181. 182. 

Cardinal  Flow- 
er, 91, 182. 

Carex,  8, 9, 14, 
168.  188. 

Carpet-weed, 
83. 

Carplnus,127, 

Carrion-Flow- 
er. 148. 

Carrot,  80. 

Carum,  60. 

Carya,  126. 

Caryophylla- 

GRB.81. 

Carhbw  fami- 
ly, 87. 

Cassandra.  98. 

Cassia,  47. 181. 

Casslope,  94. 

Ca8tillela,l0l. 

Oatbrler,  148. 

CatchHy,  31. 

Catgut.  46. 

Cat' Mint,  106. 

Catnip,  105. 

CaVB'tail 
Qran,  160. 

Cat-tail  fam- 
ily, 136. 

Cattail  Flag, 

136. 

Caulophyllam, 
21. 

Ceanothns,  89. 
Cedar,  (133.)  134. 

CBLASTRACEfi, 

89. 

Celastrus,  39. 
Celttn,  124. 
Cenchrus.  173. 
CentoAurea,  87. 
Centunculus,97. 
Cephalanthus, 

67,182. 

Cerastlum.  82. 
Cbratophyl- 

LACKJB,  122. 

Ceratophyllum, 

122. 

Cercls,  47. 
Chaff  weed,  97. 
Chamomile.  84. 
Charlock,  26. 
Cheat,  15,  168. 
Checkerberry, 

15.  93. 

Chellanthes, 
176. 

Chelone,  99. 
Chbnopoui- 

AOBfi,  118. 

Chenopodlum, 
116. 

Cherry,  48. 
Che&a,  168. 
Chick  weed,  82, 

83. 

Chick  weed - 

WIntergreen, 

97. 

Chicory,  89. 
CblmaphUa,  96. 
Chinquapin, 

Water,  2i 
Chiogenes,  98. 
Chlyes,  147. 
Choke-berry, 

83. 
Cheke-Cherry, 

48b     » 


Christmas- 
Fern,  177. 

Chryea»ith&' 
mum,  84. 

Chrysopogon, 
14, 173. 

Chrysopsls,  78. 

Cbrysosple- 
nlum,  86. 

Ciehorium,  89. 

Cicuta,  68. 

Cinna,  161. 

Cinnamon- 
Fern,  178. 

Clnqoe-foiI,49. 

Circna,  67. 

fCirslum,  88.] 

CniACBfi,  30. 

Cladlum,  168. 
Claytonla,34. 
Clearweed  126. 
CleaTers,  67. 
Clematis,  17. 
CIvome,  28. 
Cliff-Brake,  175. 
Climate,  12. 
Climbing  Bitter- 
sweet. 38. 
Clintonla,  16, 

146. 
Clotbur,  79. 
Closer,  41. 
Club -Moss 

family,  179. 
Club -Moss,  179. 
Club-Runh,  161. 
Cuicus,  88. 
CocKU,  16,  (31,) 

82. 

Cocklebur,  79. 
Cockspur  Grass, 

173. 
Cnckspnr 

Thorn  ,^68. 
Coffee-tree,  15, 

48. 

Cohosh,  21 . 
Colic-root.  148. 
Collinsia,  99. 
Collomla,  14.110. 
CoUifoot,  70. 
Columbine,  20. 
Comandra,  14, 

122. 
Comfrey,  106, 

(108.) 
COMMKLYH* 
ACBB,  149. 

Compass-Flan  t, 

78. 

Compobitjs,68. 
Composite 

family,  68. 
Comptonia,  127. 
Cone-flower,  80. 
Comifb&b,  181. 
LConiosellnum, 

61.] 
Ccnium,  68. 

CONVOLVULA- 
CRB,  110. 

Convolvulus 

family,  no. 

Convolvulus, 

110. 

Coptl8,20. 
(>>ral-berry,  15. 
Corallorhl2a, 

142. 

Coral-root.  142. 
Cord  Grass,  14, 

184. 


Ooreopels.  82, 

182. 

Corlspermum, 
117. 

Corn  ACES,  81. 
ConieUi5,b4. 
Comus,  64. 181. 
Com  Salad,  88. 
Corpse-Plant, 

Corydalls,  28. 
Corylu8,127. 
Cotton-Graas, 

162. 
Cotton- Thistly 

88. 
Cottonwood, 

181. 

Cottch-Grass, 

169. 

Ck>wbane,6l,62. 
Cowberry,  98. 
Cow-Herb^  16. 

81. 
Cow-Parsnip, 

60. 

Cowslip,  96, 97. 
"(Jowsfin."  20. 
Cow- Wheat, 

102. 
Crab-Apple,  6. 

Crah'Graae, 
172, 

Cranberry,  15, 
92. 

Cranberry- 
tree,  88. 

Cranesblll,  3S. 

CRASSULAOEfi, 
66. 

Crataegus,  68. 

Creeping  Snow- 
berry,  96. 

Crepis,  90. 

Cress,  28, 24, 26, 
181. 

"Crtjcns,"  17. 

Crowebbry 
family.  124. 

Crowberry,  181 

Crowfoot 

FAMILY,  17. 

Crowfoot,  18, 19. 
Crucifbrjb,  28. 
Cn'ptogramme, 

Cryptot»nia, 

68. 
Cuckoo  Flower, 

24,182. 

Cucurbixa- 

CBA«69. 

Cudweed.  88. 
Culvert  Physic. 

100. 

Cup-Plant,  78. 
Cupulifbra, 

126. 

Currant,  64. 
Cuscuta,  no. 
Cut-grass,  14, 

150 
Cyeloloma,  116* 

182. 
Cymoptenis, 

14,61. 
Cynoglossnm, 

[Cynthia,  89.] 

CYPERAGEA, 

160. 


Digitized  by  VjOOQIC 


DfTDIX    TO    THB    FLORA    OF   XINKSSOIA, 


189 


CTPeins.lSO. 
OyprtpealQiii, 

Oystopterls,  177. 

Daisy  Fiea- 

baoe,  74. 
Daisy,  OX'0ye, 

16.  M. 
Dakota  Potato. 

47. 
Dakota  Turnip, 

42. 

Dal6a,42. 
DaUbar(la,6l. 
DandellOD,  (80,) 

91. 

Danthonla,  170. 
Darnel,  tae. 
Datura,  lis. 
Daucu8,90. 
Dead-NeUle,\m, 
Deerborry,  91. 
Delpblnlum,  20, 
Dentaria,  24. 
Desebampsia, 
171. 
De9maDtbiis,48. 

DSBMIDfl,  11. 

De8modium,4S, 
182. 
•Dewborry,  62. 
Deyeuzla,  162. 
Diarrbena,  166. 
DIeeDtra,  28. 
Dicksonla.  178. 
Didlplls,  68. 
Dienrllla.  66. 

DlOBOOBBA- 
CBJS,  148. 

Dloscorea,  148, 

182. 
[Diplopappus, 

78.74.] 
DiPSAOBA,  68. 

DipMCua^W, 
Dlrca,  121. 
Dock,  (78,)  120. 
Doekmaokie,66. 
Dodder,  110. 
Dodecatbeon, 
97. 
DooBAirx 

FAMILY,  113. 

Dogbane,  118. 
Dog  Fennel,  84. 
Dog*8-tootb 
Violet,  146. 
Dogwood 

FAMILY,  64. 

Dogwood,  64, 

181. 
Dogwood,  Pol- 

iH>n,87. 

Door-weed,  119. 
Draba,  26. 
Dracocepha- 

liun.ioo; 
Dragon-Arum, 

134. 

Dragon-bead, 

106. 
Dragon-root, 

134. 
Drop-seed 

Grass,  160, 161. 

DROBBBACXiB, 
80. 

Drosera,  30. 

Dry  Straw- 
berry, 49. 


DUGKWBBO 
FAMILY,  185. 

Duckweed,  185. 

Duiiehlum.  160. 

Dutchman's 
Breeobes,  28. 

Dutchman's 
Pipe.  116. 

Dwarf  Club- 
Moss.  180. 

Dwarf  Dande- 
lion, 89. 

Dyer's  Oleay- 
♦•rs,  67. 

Dysodla.  83. 

Eagle  Fern,  174. 
£astei -flower, 

17. 

Eatonla,  166. 
Jtchlnscea,  8a 
Kcblnocystls, 

60. 
Ecbinodoms, 

188. 
Ecblnosper- 

mum,  14, 107. 
Eel-grass,  189. 
Elaaqkagsjb, 

121. 

Elseagnus,  14, 

121. 

Elder,  (68,)  66. 
Elecampane,  78. 
Eleocharis,  160. 
Eierations,  11. 
Blllsta.  100. 
Elm.  124. 
Etodes,  81. 
Elymus,  14,  160. 
Bmpbtkacbje, 

124. 

Bmpetrom.  124. 
Enchanters 

Nightshade,  57. 
Eplgea,  93. 
Epilobium,  67. 

EgUIBKTAOBA, 
174. 

Equtsetum.  174. 
Kragrostls,  167. 
Ereobtites,  86. 
Ebioacb  JB,  92. 
Erigeron,  74. 
Eriogaulona- 

GKJB,  149. 

Eriocaulon,  149. 
Eriophorum, 

162. 

Wrodtum,  36. 
Erynglum,  60. 
Eryngo,  60. 
Erysimum,  25. 
Brythronlum, 

146. 

Buonymus,  89. 
Eupatorium,  70. 

EUPHOBBIA- 

GXA,  123. 
Euphorbia,  14, 

123. 
Euphrasia,  102. 

KVKNINO- 

Primrobb 

family,  67. 

Evening-Prim - 

rose.  67. 
Evergreen, 

Trailing,  179. 
Everlasting,  86. 
Everlasting 

Pea,  46. 


Byobrigbt,  102. 

Fagopyttan, 
120. 

Fagus,  127. 
Faiee  Acaeia, 

43. 
FaiaeAapUadcl, 

14S. 
False  Bedeh* 

drops,  sfi. 
False  Buck- 

wtieai.  Via 
Falsi?  Dm^on- 

FtiUt  FUiJc,  2T. 
False  Fi>3!i5i<ive, 
101. 
False  (trom- 

W«I1,  JOG 

False  Hclle* 

bi>re,  144. 
False  i  Eld  Igo,  43, 

47. 
False  Lettuce, 

91. 

False  Loose- 
strife, 68. 

False  Mallow, 
84. 

False  Miter- 
wort,  66. 

False  Nettle, 
125. 

False  Penny- 
royal,l63. 

False  Pimper- 
nel, 100. 

False  Red-top, 
167. 

False  Rice,  150. 

False  Rue- 
Anemone,  20. 

False  Solomon's 
Seal,  145. 

False  Spike- 
nard. 146. 

False  Sunflow- 
er, 79. 

Feather  Oera- 
nltim,  117. 

Featber-Grass, 
168. 

rPedla,  68.] 

Fennel-flower, 
21. 

FKRN8, 174. 

Kescue-Qrass, 

168. 

Festuea,  168. 
Fetid-Currant, 

54. 
Fetid  Marigold, 

83. 
Fever-wort  66. 

FlOOIDKJB,  33. 
FlOWOST 
FAMILY,  96. 
Figwort,  99. 
Filbert,  127. 

FiLICICS,  174. 

Flmbristylls. 

152. 
Finoer-Qraee, 

172. 

Florin,  161. 
Fir,  15. 133. 
Fire  Pink,  31. 
Fire-weed.  57,86. 
Five-Finger,  49. 
Flve-leaflvy, 

88. 


Flag,  Blue,  148. 

Flag.8wee{,186. 

Flax  family, 
86. 

Flax,  86, 86. 

Fleabane,74. 

Floating  Heart, 
118. 

Fiower-de- 
Luoe,  148. 

Flotoer  of  an 
Hour,  84. 

Flowering  Dog- 
wood, 181. 

Flowering  Fern, 
178. 

Flowering 
Raspberry,  61. 

Fly-Honey- 
suckle. 66. 

Fog-fruit,  108. 

Folic  AYOlne, 
1^ 

BU 

Forest  12, 18a 
Fori{tt-me-not, 

lor:. 
Furkecl  ^pLke, 

17i* 
FoU8-0'cL0CK 
FAlflLY,  Ua» 

FiJWl    Mt^bdoW- 
OtiiAn,  160,  167. 

Fr»Xicio\^e. 
Fiiri*?,  101. 

Fi>xmti  Uraas, 

Fr^Kiirlii,  51. 
Fmxiiiu!!.  115. 
Frusa- water 

Cord-Uirtss,  14, 

161. 

Froellohia,  118, 

182. 

Fboo'8-bit 

FAMILY,  138. 

Frost-weed,  80. 

FUMABIAGJCiB, 
23. 

Fumorto,  23. 

FUMITOKY 
FAMILY,  23. 

Fumitory,  23. 
FUHOI,  10,  186. 

Oalliardla,  14, 

83. 

Oaleopeia,  106. 
Ualingale,  150. 
Galium.  67. 
Garget,  116. 
Garlio,  147. 
Gaultberia,98. 
Gaura,  14. 57. 
Gay  Feather, 

68,69. 
Gayiussaoia,  92. 

GKNTIAM  FAM- 
ILY, 112. 

Gentian,  112, 
Gbhtiakagk^ 

112. 

Gentlana,  14, 

112. 
GCRAiriACJCiB, 

Gbrantum 

FAMILY,  36. 

Geranium,  36, 
(117.) 

Gerardta,  14,100. 


Germander,  108. 
Oerman  Viut- 
ioort,l08. 
Geum^. 
Glantuyssop, 

105. 

Gfil,105. 
"CMnacr-root," 

70. 

GlNSEMQ 
FAMILY,  63. 

Ginseng,  68. 

Glade  Hallow, 
84. 

Glasswort.  117. 

Glauz,  97. 

Qlyceria.  166. 

Glycyrrhlza,  45b 

Gnaphalium,86. 

Qoal'e-Beara, 
89. 

Goats'  Rue,  48. 

Gtolden  Alexan- 
ders, 62. 

(telden  Aster, 
78. 

Golden  Rag- 
wort, 87. 

Golden-rod,  75^ 
182. 

Golden  Saxi- 
frage, 56. 

Goldthread,  20. 

Oood-King- 
Henry,  in. 

Goodyera,  140. 

Goos«*berry,  64, 

GOOHXFOOT 
FAMILY,  116. 

Goosefi>ot,  116. 
Goose-Grass, 
67,110. 
**Gosllng."  17. 

GOUBD  FAM- 
ILY, 50. 

Grama,  164. 

GBAMIirSA,  14, 

160. 

Grape,  5, 88. 
Grape  Fern,  170. 
Graphepho- 

rum,  165. 

GKA88  FAMILY, 
(14,  16,)  159,  181. 

Grass  of  Par- 
nassus. 55. 

Grass  Pink,  141. 

Oratioia,  99. 

Greek  Valerian. 
100. 

Greenbrier,  148. 

Green  Milk- 
weed, 115. 

Grindelia.  14,  n. 

Gromwell,  107. 

Ground  Cherry, 
111. 

Ground  Fir,  180. 

Ground  Hem- 
lock. 134. 

OroumlIt?y,  105. 

Ground  Laurel, 
83. 

Ground-nut,  5, 
47,63. 

Ground-Pine, 
170. 180. 

Ground  Plum, 
43. 

Groundsel,  86. 

Gutierrezia,  14, 
74. 


Digitized  by  VjOOQIC 


190 


nn>SZ    TO   THB    FLOKii    OF   XIKinSSOTA. 


Gymnocladus, 
48. 

£Oymno8tl- 
ohum,  170.] 

Habenaria,  130. 
Haekberry,  m. 
Hackmatack, 

188. 
Hjbmodoba- 

G&S,  143. 
Hair-OrasB,  180, 

171. 

Halcnia,  112. 
Halobaoxs. 

08. 

Hamambla- 

GK4B>  M. 

Hamamells,  88. 
Hardhack,  48, 

182. 

Harebell.  92. 
SarVB  Clover, 
.    41. 
^'Hartshorn 
_plant "  17. 
Haw,  Black,  68. 
Hawkweed.  80. 
Hawthoro,  52. 
Hay  as  fuel,  164. 
Bay-scented 

Pern,  178. 
HAzel-nut,  127. 
**Headache- 
_plant,"  17. 
Heal-all.ios. 
Heart's  ffose,  20. 
Heartweed,  UP. 

BEATB  FAMILY, 
16,92. 

Hedeoma,  104. 
Hedgehov- 

Grass,  178. 
Hedge-Hyssop, 

99. 
Sedge  Mustard, 

28. 
Hedge  Nettle, 

108. 

Hedysarum.  46. 
Helenlom,  84. 
Helianihemam, 

80. 
Hellanthus,  14, 

16.80,182. 
Heliopsls,  79 
Hellebore,  144. 
Hemicarpha, 

150. 
Henilock/82,83.) 

132, 184. 

Hemliick  Pars- 
ley, 61. 
Hemlock- 
Spruce,  182. 
Hemp,  (113, 118,) 

126 
Semp-NeUU, 

106. 

Hepattca,  18. 
Heraclenm,  60. 
Herb  Robert,  88. 
Serd^B'Oraw, 

160, 161. 
Jfferon'»-WU,  36. 
Heucbnra,  65. 
Hibiscus,  34. 
Hickory.  16, 125. 
Hleracinm,  89. 
nieroehloa,  171. 
Htppurls,  68. 
Hoary  Pea,  48. 
Hog  Pea-nut,  47. 
fiog*8-Pennel, 

80. 


Hog-weed,  79. 
Honow-root,68. 

HOLLTFAXILY, 
96 

Holly,  95. 
Holly-Pern,  177. 
Holy  Grass,  171. 
Honewort,  83. 

HOMBtSDCKLB 
FAMILY,  84. 

Honeysuckle, 
65. 

"Honey- 
suckle," 20. 

Hop,  5, 125 

Hop-Horn- 
beam, 127. 

Hop-tree,  37. 

Hordeum,  180. 

Horehound, 
(104.)  106. 

Hornbeam,  127. 

Homed  Fond- 
weed,  138. 

HORNWORT 
FAMILY,  122. 

Bom  wort,  122. 
Herse  Gentian. 

68. 

Horse-Mint,  104. 
Hnrse^adUhO^ 

HOBABTAIL 
FAMILY.  174, 

Horsetail,  174. 
Horse-weed,  74. 
Hosackia,  42. 
Hoond's- 

Tongne.  108. 
Houstonla,  87, 

182. 
Httckleberry,l5, 

92,93. 

Hud.Honla,  80. 
Hnmulus,  125. 
Huntsman's 

Cup,  22. 

Hybrids.108.ld0. 
Hydrastis,  20. 
Hydrochabi- 

DACBA.  130. 

Hydrocotyie,59. 
Hydropbyl- 

LACKJE.  109. 

Hydropbyllum, 

109. 

Uypbbigacbx, 

80. 
Hypericum,  80, 

181. 
Hypoxys,  142. 
Hyssop,  99, 106. 

IGB  Flaut 

FAMILY,  33. 
IIex.96. 
TLICINBJfi,  95. 

Ilysanthes,  lOO. 

Impatiens.  38. 

Indian -(ihlck- 
weed,  33. 

Indian  Cucum- 
ber-root, 144 

Indian  Currant, 
85. 

Indian  Fig,  59. 

Indian  Grass, 

14. 173. 
Indian  Hemp, 

113, 114. 
Indian  Mailow, 

"Indian  Paint," 

107. 
Indian  Fink, 

101. 


Indian  Pipe,  96. 

Indian  Plan- 
tain, 88. 

Indian  Poke, 
144. 

Indian  Bice, 
169. 

Indian  Tobac- 
co, 91. 

Indian  Turnip, 
134.  . 

Introduced 

iBIDAOBaS,  148. 

Ibis  family, 

143. 

Iris,  148. 
Iron-weed,  88. 
Iron-wood.  12T. 
Isanttius.  108. 
Isoetes,  180. 
Isopyram,  20. 
Iva,  16,  78. 
Iry,  FlTc-leaf, 


[vy.  Poison,  37. 

Jack-in -the- 
PulDlt,l84. 

"Jack  Pine," 
131. 

Jamettcwn- 
weed,  112. 

Jemsalem  Arti- 
choke, 82. 

Jeruaaiem  Oak, 
117. 

Jewel-weed,  88. 

Joe-Pye  Weed, 
70. 

Jointweed,  119. 

Judas-tree.  47. 

JUGLAKDA- 
CBB,  125. 

Juglans,  126. 
JUKCACBfi,  147. 
Juncus,  147. 
June-berry,  58. 
June  Grass,  187. 
Juniper,  133. 
Junlperas,  133. 

Kale,  26. 

Kalmia,  91. 

Kentucky  Blue- 
Grass,  :87. 

Kentucky  Cof- 
fee-tree, 15, 48. 

Kidney  Bean, 
47. 

Kinnikinnick. 
64  93 

Knotgrass,  119, 

Knot  weed,  118. 

Koeleria,  166. 

KrlMla,89. 

Kuhnia,  69. 

Labiatjb,  103. 
Labrador  Tea, 

15,94. 

Lartuca,  91. 
Ladles'  8orrel, 
36. 
Ladies'  Tresses, 

140. 

Lady-Fem,  175. 
Lady's-SUpper, 

142. 
Ladv*8'Thumh, 

119. 
Lamb  Lettuce, 


Lamh*$  Qtfor- 
tere,  118. 

L€unium,  106. 

Laportea.  124. 

ILappa,  88.] 

Larch,  133. 

Larix.  133. 

1.tark8pur,  20. 

Lathyi  us,  48. 

Laurel,  (98,)  94. 

Laurestlnus,  88. 

Lead-Plant,  48. 

L.eaf-cup.  78. 

Leather-Leaf, 
98. 

Leatherwood, 
121. 

Leaves  measur- 
ed. 85. 

Lecnea,  30. 

Ledum,  94. 

Leersla.  14, 160. 

LB0UM1K08JB, 
41. 

Lkmnacba,135. 
Lemna.  I8d. 
Lbntibula- 

CBJB,96. 
Leonunu,  106. 
Lepachys,  14, 

80, 181. 
Lepldium,  15^ 

23.. 

FLepturas,  169.] 
Lespedeza,  46. 
Lettuce,  (68, 90,) 

91. 
[LeucatUhe" 

mum.  84.J 
Lever-wood, 

127. 

Uatris,88. 
LICHBN8, 7, 8, 

186. 

Licorice,  46, 67. 
Life-root,  87. 
Liliagba,  144. 
Llllum.  146. 
Lily  family, 

144. 

Lily,  (22.)  146. 
Limft-tree,  35. 
Limits  of  spe- 
cie*, 14. 
Limnanthe- 

mum,  113. 
LiNACBJS,  35. 
Linaria.  98. 

LiNDBN  FAM- 
ILY, 35. 

Linden,  86. 
Liniiiea,  64. 
Unum,  14, 35. 
Liou's-heart, 

105. 

L1parls,141. 
Llp-Fem,  176. 
Lippla,  103. 
Listera,  141. 
Lichospermum, 

107. 
lAve-for-ever, 

Liver-leaf,  18. 

LlYBBWOBTt, 
7,188. 

LlZABD*S-TAIL 
FAMILY,  122. 

Uzard*s-tall, 

122. 

LOBBLIACBJS, 
91. 

LOBBLIA  FAM- 
ILY, 91. 

LobeUa,  91, 182. 


Xoeu«t-lree,  48. 
LoMun,  180. 
LombardyPap- 
lor,  181. 
Lonic**ra,  86. 

L0OSB8TBirB 
FAMILY,  58. 

Loooestrlfe,  86, 
97. 
Loohanthus. 

Lopeeed,  los. 
Lousewort,  102. 
Lucerne,  41 . 
Ludwlgia,68. 
Lumber,  pine, 
132. 

Lungwort,  107. 
Lupine,  41. 
Lupinus,  41. 
Luzula,  147. 
Lvchnls,n. 
Lycium,  112. 
Lyoofodi- 

ACKA.  179, 

Lycopodium, 
179. 

LyeopQs.  104. 
Lygodesmla,  00. 
Lyme-Grass«169. 
Lysimachta,  97. 
Lytbbagba, 
68. 
Lythram,  68. 

MADDBB  FAM- 
ILY, 67. 

Haiaothemnm, 

146. 
Maidenhair, 

174. 
Maidenhair 

Spleen  wort, 

Male-Fern,  177. 
MaLlow  fami- 
ly. 34. 
JM  allow,  34. 

MALVACBJB,84. 

Mdiva,H. 

Malvastrum.  34. 

Mandrake,  21. 

Manna-Grass, 
166. 

Manomln,  169. 

Maple,  5. 30. 

Mare's-Tail.  66. 

JfoffTubium, 
106. 

Marsh  Elder,  78. 

Marsh  Grass, 
184. 

Marsh  Mari- 
gold. 20. 

Marsh  8t. 
John's- wort, 
81. 

MABsnxAcats, 

180. 

Marsilia,  180. 
[MaruJta,  84.] 
Matrinumi/' 

Vine,  112. 
May-Apple,  2I« 
Mayflower,  93. 
May-weed,  84. 
Meadow-Graso, 

166.  187. 

Meadow-Pan- 

nip,  82. 
Meadvw-Bue, 

18. 
Meadow-Sweety 

48. 

MedeplA,^r.p 
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JiedHago,  41. 
Jtf  ediefc,  41. 
Jdfllampyrum, 

102, 
Melanthtum, 

144. 

Jtt  elf  lot.  41. 
ifeUlotiu.41. 

3fBN18PBSMA- 

cajfi,2i. 
Meolspermum, 

21. 

Mentha,  103. 
iHenyanthes, 

118. 

Menzietia,  M. 
Mercury,  three- 

fieeded,l28. 
Mi^rteuMa,  107. 
Mbzbrcum 

FAMILY,  121 . 

MlcroAtylla,  141. 
31llfon.84. 
Milium,  171. 
Mllk-Vetoh,48. 

.MiLKWBBD 
FAMILY.  114. 

MlUweed,  114, 
182. 

MlLRWOBT 
FAMILY,  40L 

milkwort,  40, 

Shut,  173. 
JMImulus.OO. 

MlKTFAMILY» 

103. 
:Mlnt,  103, 004, 
106.) 

IfUchella.  67. 

Mitella,  65. 

Mlter-wort,  66. 

MUhridaU 
Mvstard,  2a 

Moceaain -flow- 
er, 142. 

'^ock  Fenuy- 
royal,  104. 

MoiluKO,  83. 

Monarda,  104. 

Moneses,  96. 

Monkey-flower, 
90. 

Monotropa,  96. 

IMontelia.  118.] 

MOONSEBD 
FAMILY.  21. 

Moonseed,  21. 
Mooowort,  179. 
Moose- wood,  39, 

121. 

Morus,  124. 
Mi>8chatel,  66. 
MOH8B9,  7, 8, 

18A. 
Jdotherwort. 

106. 
Mountain-Ash, 

63. 

Mt»untaln>Hol- 
ly,96. 
Moaataln.Mlnt, 

104. 

M«)antatn  Rlee, 

162. 
-''Mountain 

Snow,"  128. 
Mouse-ear 

Chick  weed,  32. 
Mouse-ear 

OrwH,26. 
Jkf  udioort,  106. 
M  UK  wort,  86. 
Munlenbergla, 

161. 


Mulberry,  10, 

124 

[Muigediam, 

iruMfi,98. 
Mosk  Crowfoot, 

66. 
Muskit-Grass, 

14, 164. 
Musquash-Pd- 

son.62. 
MUSTABO 

FAMILY,  28. 

Mustard,  15, 26, 
26. 
Myos«U!s.  107. 

MY9I0ACBJB» 

127. 

Myriea,  127. 
Myrlophyllunii 

66,182. 

tf  yrUe  WiUow, 

180. 

rKabalQS.90.] 
Naiad  ACBiB. 

136. 

Nalas,  186. 
Nallwort.88. 
Nap8Ba,84. 
[Nardosmla, 

70.1 
Nasturtium,  28, 

181. 

Neokweed,  loo. 
Negiindo,  40. 
NeriUa,48. 
Nelumbtum,  22, 

182. 

Nelumbo,  22. 
Nemopanthes. 

96. 

JVeptfta.  106. 
Net>ea,  68* 

NXTTUB  FAMI- 
LY, 124. 

Nettle,  (106.)  124. 

Nettle-tree,  124. 

New  Jersey 
Tea,  80. 

Nicandra,  111. 

yieoHand,  112. 

J7f(]rella,2i. 

NlGHTSHADK 
FAMILY,  111. 

Nightshade,  111, 
144. 

Nlue-bark,48. 
"Norway 

Pine,"  181. 
Nuphar,  22. 
Nut-Kusb,  168. 
Nycfaoina- 

CBA,  116 
Nymphaacbjs, 

21. 
Nymphiea,  22. 

Oak  family, 

126. 

Oak,  126, 181. 

Oake^ia,  146. 

Oak -Fern,  176. 

Oat-Grass,  171. 

(Soothera,  14, 
67, 182. 

Oil-nut,  126. 

Old-witch 
Grass.  172. 

Olbaoba.  116. 

Olbastbb  fam- 
ily, 121. 

Oleaster,  121. 

Olivb  family, 
116. 


Omaobaoss, 

67. 

One -flowered 

Pyrola,  96. 
One-seeded 

BtarrCttoom- 

ber,  60. 
Onion,  147. 
Onoelea,  177. 
(Mopordoii,  88. 
Onosmodlttm, 

106. 
OFHIOaiiOflAA- 

cB4f,m. 
Ophloglosiiini, 

Opu'otla.  60. 
Orange-root.  90. 
Orchard  Oraee, 
166. 

OaoniDAcmB, 

189. 

0BCHI8  FAM- 
ILY. 130. 

Orehls,  130, 140. 

Orobancha- 

CEJS,98^ 

OBFUfX  FAM- 
ILY. 66. 

Orpine,  66. 

Ortbocarpus, 
14, 102. 

Oryzopsls,  168. 

Osier,  128. 

Osmorrhisa,  68. 

Osmunda,  178. 

Ostrich-Pern, 
177. 

Ostrya,  127. 

Oxans.86, 188. 

Ox-eye,  79. 

Ox-eye  Daiey, 

16,84. 

Oxybaphus,  116. 
Oxytropls,  14, 

Painted-Cap, 

101. 

Panic-Grass, 
172. 
J*anleum.  172. 
Paney,  29. 
Papavbbacbjb, 

23. 

Papaver,  28. 
Pappoose-root, 

21. 

Parletaria,  128. 
Pamassla,  66. 
Pabonychi&b, 

33. 

Pabslby 

FAMILY,  60. 

Parsley,  61. 
Parsnip.  61. 
Parthealom,78. 
Partrtdge- 

berrv,  67. 
Partridge  Pea, 

47. 
Pasque-flower, 

17. 

Pastinaea,6l. 
Pearlwurt.  33. 
Pedlcularls,  102. 
Pellisa,  176. 
Pellitory,  125. 
Pembina,  67. 
Penny  cress.  28. 
Pennyroyal, 

(103,)  104. 
renthorum,  66. 
Pentstemou,  14, 

99. 


Peppergras8,28. 
Peppermint, 
104. 

Pepper-root,  24. 
Pepperwort,  88. 
PetalostemoD, 

Petaaltet,  7a 
Peucedannm, 

14, 60, 61. 
Phaeelia,  109. 
Phalaris,  171. 
Phased  us,  47. 
Phegopteris,  8, 

176. 

Phlox,  100. 
Phragmites,168. 
Phryma,  108. 
Phy  sails.  111. 
Physic,  Cul- 
▼er'o,  100. 
Physostegla. 

Phttolacxia- 

C&B,  116. 

Phytolacca,  116. 
Picea,  182. 
pickbbbi.- 
Wbbofamily, 

148. 
Pickerel-Weed, 
149. 
Pigeon-Berry, 

116.. 

**Pigetm- 
Grass,"  178. 
Pig-nut,  126. 

Pllea,  125. 
Pimpemel,  97. 
Plmplnella,  68. 

PiMB  FAMILY, 
16, 181. 

Pine,  16, 181. 
Pine-sap,  96. 
Pingulcuia,  98. 
Pink  family, 
»i. 

Pink,  31, 101, 141. 
Pluus,  181. 
Plnweed,  80. 
Pipe-Vine,  116. 

PIPBWORT 
FAMILY,  149. 

Plpewort,l48. 
Plpsissewa,  96. 
Pirus,  63. 

PlTCHBB- 
PlAMT  FAM- 
ILY, 82. 

Pitcher-Plant, 
22. 
Plakb-tbbb 

FAMILY,  125. 

Plane-tree,  125. 
Plantaoi^a- 
CKaB.96. 
Plantaxo,  14, 96. 
Plantain 

FAMILY,  96. 

Plantain,  (74,) 

96. 

Platana- 

CBLB,  126. 

Platanus,  126, 
Pleurisy-root, 
116. 

Plum,  6, 48. 
Poa,167. 
Podophyllum, 


PODOBTBMA- 
CVM.  128. 

Podestemon, 

128. 

Pogonia.  141. 
Poison  Dog- 

wo<M.87. 
Poison  Hem- 

loe^,68. 
Poison  Ivy,  37. 
Poison  Oak.  37. 
Poke.  116, 144. 

POKBWBBD 
FAMILY,  116. 

Pokeweed,  116. 
Polanisia,  28. 

POLBMOJriA- 

CEM,  .109. 
POLBMONIUM 

FAMILY,  100. 

Polemonium, 

100. 
POLYQALAGBJI, 

40. 
Polygals,  40. 

POLYGONACBJB, 
118. 

Polygonatum, 
146. 
Polygonum,  118, 

Poly  mn  la.  78. 
Polypodlum, 

174. 

Polypody,  174. 
Polyt»ula,  60. 
Pomroe 

blanche,  42. 
Pomme  de 

Prairie,  42. 
Pomme  de 

Terre.42,47. 
Pond-Lily.  22. 
PONDWBBD 

FAMILY,  186. 

Pond  weed,  188. 

PONTBDBBIA- 
CBiB.  149. 

Pontederia,  140. 
Poplar,  180. 
Poppy  FAMILY, 
28. 

P^ufus,  130,182. 
Porcupine 
Grass,  14, 163. 

POBTULACA- 
OBJB.33. 

Portulaca,83. 
Potamogeton, 

136. 

Potentllla,  14,49. 
Prairie,  12. 
Prairie  Glover, 

42. 

Prairie  Dock,78. 
Prairie  Mallow, 

84. 
Prairie  Bocket, 

26. 
"Prairie 

Smoke,"  17. 
Prenahthes,  90. 
Prickly  Ash,  87. 
Prickly  Pear,8e. 
Pride  of  Ohio, 

97. 
Pbimbobb 

FAMILY.  96. 

Primrose,  96. 
Phimulacbje, 

96. 

Primula,  96. 
Princess  ^ 

Feather,  119.  i[^ 
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Prinoe'8  Pine, 

95. 

Pniiiiis,48. 
Fsoralea,  48. 
Pteleft,S7. 
Pteri8,i74. 
PterMpora,  0B. 

PUCOOOD,20,107. 

PalMtllla,  17. 

PULBKFAXXLT, 
41. 

Purple  Cone- 
flower,  80. 
PuKSi^oni 

FAMILY,  8S. 

PursUne,  81. 
Purslane 

Speed  well,  100. 
"Piij^"  88. 
Putsy  willow, 

120. 

Putty-root,  142. 
Pyonanthe- 

mom,  104. 
Pyrola,94.96w 
(Pyni»,Ba) 

Quairasli,  147. 
Queen  of  the 

Meadow,  48. 
Quercu8,198,188. 
Qulteb-  or 

Qulok-Orais, 
169. 

Bahbit-foot  Clo- 
ver, AU 
Basweed,  79, 

Bagwort,  87. 
SSu-fall.  13,166. 

Ramyncula- 

GRJB,  17. 

Banuncnlns,  14, 
la 

Raspberry.  61. 

Rattle,  "Xellow, 
108. 

•*Battle-box," 
22. 

Rattlesnake 
Fern,  179. 

Rattlesnake- 
Grass,  106. 

Rattlesnake- 
Master,  60. 

Rattlesnake- 
Plantain,  140. 

Rattlesnake- 
root.  90. 

Rattlesnake- 
weed.  90. 

RaU'Orass.  109. 

Red-bud,  47. 

Red-root,  88, 
118. 

Red-top,  161, 
(167.) 

Redwood  riyer, 

64,184. 

Reed,  168. 

Reed  Bent- 
Oras8,i62. 

Reed  Canary- 
Grass.  171. 

Reed-Grass, 
161. 

Seed-mace,  136. 

Rein-Orclils, 
189. 

RHAMKACBJfi, 
38. 

Rhamnus,  38. 

Rhinantliu8,i02. 


Rhus,  87. 
Rhynehospora, 

Rlbe8.6l 
Kioe  Gut-Grasi, 

14, 160. 
Biee,  Mountain, 

162. 

Riee,  Wild.  100. 
BIclkweed,  126. 
"BlTer  Loeust," 

48. 

BlVSR-WXXD 
FAXILT,  128. 

BiTer- weed,  128. 

Bobto<cL48. 

Boom's  Plan- 
tain, 74. 

Book- Brake, 
176. 

Book  Cress,  24, 
26. 181. 

Boeket,  20. 

BOCK-BOSK 
FAMfLT,  80. 

Boek-rose.  80. 
Boman  Worm- 
wood, 79. 
BOSACKA,  48. 
Bosa,63. 
Bosk  faxilt. 

48. 

Bose,02. 
Bose-Mal1ow,S4. 
Bosemary.  94. 
Bosin-Plant,  78. 
Boyal-Feru.178. 
BUBIAGXA,  67. 
Bubus.Ol. 
Budbeckia,O0i 
Bue-Anemone, 
18. 

BUK  FAMILT, 
87. 

Buellla,  102. 
Bumex.  120. 
Bush  family, 

147. 

Bush,  148,  160-8. 
Bush  Grass,  160. 

182. 

BCTACKA,  87. 

8aeredBean,22, 

182. 
"Sage,"  86,  86. 

(103.) 

Sagina,  88. 
Sacittarla,  188. 
Saligacks. 

128. 

Salicomla.  117, 
SaMx,  128. 
Salvimtaokjb. 

180. 

Sambueus.  06. 
Bamolus,  97. 
Samphire,  117. 
Sandalwood 

family,  122. 
"Sand-bur," 

17«. 

Sand  Cherry,  48. 
Sand-Beed,  162. 
Sandwort,  82. 
Sangulnaria,  28. 
Banfele,  60. 
Sanlcula,  60. 
Santalacka, 

122. 

Sapikdacbjs, 
89. 
Saponaria,  31. 

SAKRACBinA- 
CK£,22. 


Sarraeenia.  22. 
Sarsaparllla,  68. 
Saubobagka, 

122. 

Saumrns.  128. 
Sarin,  184. 
Sazifbaoa- 

CKJB,64. 

Saxifraira,  66. 
Sazifraok 

family,  64. 
Saxifraffe.  66. 

(86.10 
Sohedonnar** 

dns,  160. 
Seheuohserla. 

188. 

Sohollera,  140. 
Sotrpus.  161. 
Selerla,  168. 
Sooke.  116. 
Soorpion-grass, 

ScaichThittU, 

88. 
Seonring-Bosh, 

174. 
SCBOPBVIiABZ- 

AOBJE,98. 

Sorophularia. 

99. 

Soutellaria,  105. 
Sea  Blite.  117. 
Sea-Milkwort, 

97. 

Sea-Boeket,  28. 

Sea  Sand-Beed, 
162. 

Sea-side  Crow- 
foot. 18. 

Bbdok  family, 

160. 

SedKe,  163. 
j}eduni,66. 
SKLAonrBL-  . 

LBA.  180. 

Selaginella.  180. 

Self-heal.  106. 

Selinum.61. 

Seneoa  Grass, 
171. 

Seneca  Snake- 
root,  40. 

Senecio,  14, 86. 

Senna,  47. 181. 

Sensitive  Fern, 

177. 

Sensitive  Pea, 
47, 181. 
Service-berry, 

63. 

Setaria^vn 
Shad -bush,  68. 
Shamrock,  41. 
Shave-Grass, 

174. 
Sheep-berry, 

66. 
Sheep's  Feseue, 

168. 
Shell-bark 

Hickory,  16, 

126. 

Shell-flower,  99. 
8hepherdia,121. 
Shepherd's 

Purse,  27. 
Shield-Fern, 

176. 

Shin-leaf.  94. 
"Shoe-strings," 

43. 
Shoottng  Star, 

97. 


Shrubby  Tre- 

foil<87. 

Shrubs.  18. 188. 
Slekle-]k>d,  26. 
Bioyos,  60. 
Side-saddle 

flower,  22. 
Silene.81. 
Sllkweed,  114. 
Silphlum,  78. 
Silver-Berry,  14, 

121. 

Silver- weed,  00. 
Sisymbrium,  26. 
Stsvrinohtnm, 

Slum.  68. 

Hkuileap,  106. 

Skunk  Cab- 
bage, 134. 

Skunk  Currant, 
64. 

Slippery  Elm, 

Smart  weed,  119. 

Smilaobjb,  148. 

Smilaetna,  146. 

Smilax  fam- 
ily, 148. 

Smilax,  148, 188. 

Smooth  Lung- 
wort, 107. 

Snake-head,  90. 

Snakeroot,  60. 
68.70. 

Snakeroot,  Sen- 
eca, 40. 

Sneeze-weed, 

84. 

Snowberry,  16, 

66,93. 

Snow-fall,  12. 

SOAPBBBBY 

family,  89. 

Boctpwort^  81. 

Soapwort  Gen- 
tian, 113. 

Soil,  12. 

SOLANAOBA. 
111. 

Solanum,  111. 
Solidago,  76, 
•  182,  l&. 
Solomon's  Seal, 

(140.)  146. 
Sonehw^dl. 
rsorghum,  178.] 
Sorrei,(36,)120, 

121. 

SaW'TM$tU,9t. 
Sparganlum, 

136. 
Spartina,  14, 

164. 
Spatter-Dock, 

22. 
Spear-Grass. 

167 

Spearmint,  108. 
Spearwort,18. 
Specularia,  92. 
Speedwell,  100. 
Speirodela.  186. 
Spider  flower, 

Sptdbbwobt 
family,  140. 

Splderwort,  149. 

Spikenard,  6, 63. 

Spike- Bush.  160. 

Spindle -trcJb, 
39. 

8piriBa,48,U2. 

Spiranthes,  HO. 


Spleenwort, 

176. 
Sporobolus,  14» 

160. 182. 
Spring-Beauty. 

Spruoe,  16, 182. 

Sfobob  fam- 
ily, 128. 

Spurge.  128. 

Spurred  Gen- 
tian, 112. 

Squaw-Huokle* 
berry,  OS. 

Squaw-weed, 

G^uirrel  Com; 

Staehys,  16, 106.. 
Staff-tbbb 

family,  80. 
Staff-tree,  80. 
Staphylea,  89. 
Star-Cucumber». 

60. 

Star-flower,  97. 
Star-grass,  142, 

148.148. 
Starry  Cam- 
pion, 81. 
Star-TMitl^  87. 
Starwort.  82, 70^ 

122. 
Hteeple-Bush. 

48,182. 

Steironema,  97. 
Stellarla,  82, 181.. 
Sttokseed,  107. 
Stick-tight,  88, 

108. 
Stltcbwort,  82, 

181. 

Stlpa.  14, 168. 
St.  JoHif*8- 

WOBT  FAMILY,. 
80. 

St.  John'8-wort.. 

X.  181. 

Stone-crop,  66. 
8Uyrk8tm,M. 
atramcmlium, 

112. 

Strawberry.  61. 
Strawberry 

Elite.  117. 
Strawberry 

bush,  80. 
Streptopus,  146. 
[Struthfopterls, 

177.1 

Su»da,  14. 117. 
Subularia,  27. 
Succory,  80. 
Sugar.  40. 
Sugarberry,  124.. 
Sunivantia,  66. 
Sumach,  87. 
Sundew  fam- 
ily, so. 
Sundew,  80. 
Sundrops,  68, 

182. 

Sunflower,  14, 

(79,)  80.  (83.)  182. 

Sweet  Cleeiy, 

63. 
Sweet  Clover, 

41. 
Sweet  (Coltsfoot,. 

Sweet-Fern, 

127. 
Sweet  Flag.  136.. 

SWBBT-GALB 
family.  121^ 
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Sweet-Oale.  127. 
Sweet  SpablouB, 

74. 

Sycamore,  125. 
Symphorlcar- 

pos,  65. 
Symphytum, 

loe. 
Syniplocarpos, 

134. 
Synthyris,  100. 

Taoamahac,i31. 
"Tag  Alder." 

128. 

Talinum,  33. 

Tamarack,  15, 
133. 

TaDacetum,84. 

Tansy,  84. 

Tansy  Mustard, 
26. 

Tape-grass,  188. 

Taraxacum,  91. 

Tare,  46, 182. 

TAXACBiB,  134. 

Taxus,  134. 

Tea,  39,  M. 

Tear-thumb, 
120. 

TKA8EL  FAM- 
ILY, 68. 

Te<ueh  68. 
Tepbrosia,  43. 
Teucrium,  103. 
Thalictrum,  18. 
Thaspluro,  62. 
Thelypodium, 

25. 
Tbimbleberry, 

51. 

Thin-Ora88.160. 
TlilsUe,  15,  (87,) 

88. 

Thia8p{,28. 
Thorn,  52. 
Thorn-apple, 

112. 
Thoroughwort, 

7a 
Three-leayed 

Nightshade, 
144. 
Three-seeded 

Mercury,  123. 
Thuya,  133. 
Thykblba- 

OEM.  121. 

Tlareila.  66. 
Tickseed,  82,182. 
Tick-Trefoil,  45, 

182. 

TILIACKB,35. 
Tilla,  85. 
Tfynot/M/,  160. 
Toad-Flax,  96, 

(122.) 

ToboccoXOl,)  112. 
Tofleldia,  145. 
Toothache-tree, 

37. 

Toothwort,24. 
Topography,  11. 
Touch-me-not, 

86. 
Tower  Mustard, 

25. 
Tradescantia, 

149. 
Tragopogon,  80. 


Trailing  Arbn-   i 
tU8,  93. 

Treacle  Mus- 
tard, 25. 

Tree  culture, 
180 

Trees.  13-15,183. 

Trefoil,  Shrub- 
by, 37. 

Tiientalis,  97. 

Trifelium,  41, 
182. 

Trlglochln.  137. 

TriUium,  144. 

Triosteum,  66. 

Triple-awned 
Grass.  163. 

TriHetum,  171. 

rXriticum,  169  ] 

Troximon,  I4,w. 

Trumpet-weed, 
70. 

Tsuga,  132. 

"Tule."  151. 

Tumble-weed, 
118. 

Turtle-head,  99. 

Tu88<Ia(/o,  70. 

Tway  blade,  141. 

Twin-flower,  61. 

Twisted-stalk, 
145. 

Ttphag&b,  185. 

Typha,  135. 

Ulmus,  124. 
Umbbluvbrjb, 
69. 
UsnCAC£X.124. 

Urtica,  124. 
Utrioularia.  98. 
Uvularia,  145. 

IVaecaria,  31.] 
Vaecinium,  92. 
Valbbian 

FAMILY,  68. 

Valerian,  68, 
(109.) 
Valbriaka- 

CBJB,  68. 

Valeriana.  68. 
Vaierianeilaj68. 
VaUlsneria,  139. 
Vanilla  Grass, 

171. 
Vegetable 


Ouster,  89. 
Velvr  ' 


Vetvet-Leaf,  34. 
VenuH's  Look- 

ing-Glass,  92. 
Veratrum,  144. 
Verb(ucum,  98. 
Vbrbenacbjb, 

103. 

Verbena,  103. 
Vernonia,  68. 
Veronica,  loa 
Vbrvain 

FAMILY,  103. 

Vervain.  108. 
Veslcaria,l4,27. 
Vetch,  46, 182. 
Vetcbling,  46. 
Viburnum,  66. 
Vicla,  4A,  182. 
rvilfa,  160  ] 

VllfB  FAMILY, 
38. 
VI0LACB2B,  28. 


Viola,  28. 
Violet 

FAMILY,  28. 
Vloler,  28. 
Virginian 

Greeper,38. 
VIrgin's-Bower, 

17. 

VlTACEJE,  38. 
VltlS.38. 

Waahoo,39. 
Wafer  Ash.  37. 
Wake-Robin, 

144. 

Waldsteinia,  48. 
Walking-leaf, 

176. 

Wall-flower,  25. 
Walnttt  fam- 

ITT.  ir^ 

W^iituit.  irKl25. 
W^kpHSfhiLUcon 

rlvtn\  15^. 

Wivk'j  Aruia, 

WuterBflecb, 
12: . 

W&idr  Chinqua- 
pin, 22, 182. 

Water-Gre8S,28, 
24,181. 

Water-Crow- 
foot. 18. 

Water  Drop- 
wort,  61 

Water- Hem- 
lock. 62. 

Water- Hemp, 
118. 

Water  Hore- 
hound,  104. 

Watbklbaf 

FAMILY,  109. 

Waterieaf,  109. 
Water- Lily 

FAMILY.  21. 

Water- Lily.  22. 

Water  Mari- 
gold, 83. 

Water-Mil- 
foil FAMILY, 
56. 

Water-Mllfoll, 

66. 182. 

Water-Nymph, 
22. 

Water  Oats, 
160. 

Water-Parsnip, 
63, 182. 

Water  Fenny- 
wort,  69. 

Water-Pepper, 

119. 

Water-Plak- 

TAIlf  FAMILY, 
137. 

Water-Plan- 
tain, 138. 

Water- Plan- 
tain Spear- 
wort,  18. 

Water-Purs- 
lane, 68. 

Water- Shield, 
21. 

Water  Star- 
grass,  149. 


Water  Star- 
wort  FAMILY, 
122. 

Water-star- 
wort,  122. 

Water-weed, 

139. 

Wax-Myrtle, 

127. 

Wax-work.  39. 
WecUher-glasB, 

97. 
Weathep-grass, 

163. 

Weeds,  15. 
Wheat-Grass, 

169. 
White  Grass, 

159. 

White  Lettuce, 

90. 

White  Pine,  182. 

WhiU'Weed,  15, 
84. 

Whltewood,  85. 

Whitlow-Grass, 
26. 

Whitlow- 
wort  FAMILY, 
33 

Whitlow-wort, 
88. 

Whortleberry, 

Wild  Balsam- 
apple,  60. 
Wild  Bean,  47. 
Wild  Bergamot, 

101. 

Wild  Calla,  134. 
Wild  Chess,  168. 
Wild  0>mfrey, 

108. 
Wild  Currant, 

64. 

Wild  Flax,  85. 

Wild  Ginger, 
116. 

Wild  Gooseber- 
ry. 54. 

Wild  Hyacinth, 
147 

Wild  Indigo,  47. 

Wild  L«ek,  147. 

Wild  Licorice, 
45,  67. 

Wild  Oat-Grass, 
17a 

WUd  OaU,  170. 

Wild  Onion,  147. 

Wild  Plum,  5, 

Wiid  Riee,  6, 

169. 

Wild  Rose- 
mar)  .  04. 

Wild  Rye,  169. 

Wild  Senna, 
181. 

Wild  Sweet- 
WilliHm,l08. 

WUd  Tobacco, 
112 

Willow  fam- 
ily, 128. 
Willow,  128. 
willow-herb, 

67. 

wind-flower, 
IT. 


Winged  Pig- 
weed, 116, 182. 
Winterberry, 

Winter  Cress, 
25. 
Wintergreen, 

16.  93,  94,  95,  97. 
Wire-Grass,l67. 
Wiich-Grass, 

169,  (1720 

Witch-hazel 
family,  66. 

Witch-Hazel,66. 

Withe-rod,  66. 

Wolfberry,  65. 

Wolfila.  135. 

Wood  Anem- 
one, 17. 

Wood  Betony, 
102. 

Woodbine,  65. 

**Woodbine,"88. 

Wood-Fern,  176. 

Wood-Grass, 
174. 

Wood-Nettle, 
124. 

Wood  Reed- 
Grass,  161. 

Wood-Rush, 
147. 

Wood  Sage,  108» 

Woodsia,  8,177. 

Wood  Sorrel, 
86,182. 

Wool-Grass, 
162. 

Worm-seed 
Mustard,  25. 

Wormwood  ,(79,) 

Woundwort,  106. 

Xanthlum,  79. 
Xanthoxyium, 
37. 
Xyridace^ 

149. 
Xyris,  149. 

Tam  family, 

143. 

Yam.  143, 182. 
Yam-root,  148, 

182. 

Yarrow,  84. 
Ybllow-byed- 

GRASS  FAMILY, 
149. 

Yellow-eyed 
Grass,  149. 

Yellow  Medi- 
cine river,  2L 

Yellow  Rattle, 

102. 

Yew  family, 

134. 
Yew,  134. 

2Uknnichellia, 
136. 
(Zaothoxylum, 

37.) 

Zizania,  159. 
rZizla,62.] 
Zygadene,  144. 
Zygadenus,  144. 
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PUBLICATIONS  OP  THE  GEOLOGICAL  AND  NATURAL 
HISTORY  SURVEY  OP  MINNESOTA. 


I.     ANNUAL  BSPORTB. 

Thb  FiRfiT  Annual  Report  on  the  Gbolooical  and  Natural  History 
SuRYKY  OF  Minnbbota,  FOR  THE  TEAR  1872.  112  pp.,  8vo. ;  with  a  Col- 
ored map  of  the  state.  By  2f.  H,  WinehelL  Pablished  in  the  Regents' 
Report  for  1872.    Oat  of  print.    Second  edition  issaed,  1884. 

The  Second  Annual  Report  on  the  Gbolooical  and  Natural  History 
Survey  of  Minnesota,  for  the  year  1873.  145  pp.,  8vo.;  with  illiutia- 
tions.  By  N.  H.  WineheU  and  8,  F.  Peckham.  Published  in  the  Regents' 
Report  for  1873.    Out  of  print. 

The  Third  Annual  Report  on  the  Geological  and  Natural  History 
Survey  of  Minnesota,  fob  the  year  1874.  42  pp.,  8vo.;  with  two  ooanty 
maps.  By  N.  H,  WinehelL  Published  in  the  Regents'  Report  for  1874.  Out 
of  print. 

The  Foubth  Annual  Repobt  on  the  Geological  and  Natural  History 
Survey  of  Minnesota,  for  the  year  1875.  162  pp.,  8vo. ;  with  four  ooanty 
maps  and  a  number  of  o(her  illustrations.  By  N,  U,  WineheU^  assisted  by 
M.  W.  Harrington,    Also  in  the  Regents'  Report  for  1875. 

The  Fifth  Annual  Repobt  on  the  Geological  and  Natural  History 
Survey  of  Minnesota,  for  the  year  1876,  248  pp.,  8vo.;  four  colored 
maps  and  several  other  illustrations.  By  N,  H,  WineheU;  with  reports  on 
Chemistry  by  S.  F.  Peekham,  Ornithology  by  P.  L.  Hatch,  Entomology  by 
Allen  Whitman,  and  on  Fungi  by  A.  E.  Johnson.  Also  in  the  Regents'  Re- 
port for  1876. 

The  Sixth  Annual  Report  on  the  Geological  and  Natural  History 
Survey  of  Minnesota,  for  the  year  1877.  226  pp.,  8vo. ;  three  geological 
maps  and  several  other  illustrations.  By  N.  H,  WineheU;  with  reports  on 
Chemical  Analyses  by  S,  F,  Peekham,  on  Ornithology  by  P.  L,  Hateh,  on 
Entomology  by  Alleti  Whitman,  and  on  Qeology  of  Rice  county  by  L.  B. 
Sperry,    Also  in  the  Regents'  Report  for  1877.    Out  of  print. 

The  Seventh  Annual  Report  on  the  Geological  and  Natubal  Histoby 
SuBVEY  OF  Minnesota,  fob  the  yeab  1878.  128  pp.,  8vo.;  with  twenty- 
one  plates.  By  N.  H  WineheU;  with  a  Field  Report  by  C.  W,  Hall,  Chemical 
Analyses  by  S.  F.  Peekham,  Ornithology  by  P.  L.  Hatch,  a  list  of  the  Plants 
of  the  north  shore  of  Lake  Superior  by  B.  Junt,  and  an  Appendix  by  C.  L. 
Herriek  on  the  Microscopic  Eutomoetraca  of  Minnesota  (twenty-one  plates). 
Also  in  the  Regents'  Report  for  1878. 
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MBT  OF  PUBLIOATIONS, 

Thb  IBiOHTH,  Abnual  Report  ok  the  Geolooicaii  and  Natural  History 
SuBTBT  OF  MnrEBsoTA.  FOR  THB  TEAR  1879.  183  pp.,  8vo.;  one  plate  (Cas- 
toroides).  By  N.  J7.  WincheU,  Containing  a  statement  of  the  methods  of 
Microscopic  Lithology.  a  discassion  of  the  Cnpriferona  Series  in  Minnesota, 
and  descriptions  of  new  species  of  brachiopoda  from  the  Trenton  and  Hudson 
River  formations;  with  reports  on  the  Geology  of  Central  and  Western  Minne- 
sota, by  Warren  Upham;  on  the  Lake  Superior  region,  by  C.  W,  Hall;  lists 
Birds  and  of  Plants  from  Lake  Superior,  by  TKamaa  8,  Bdbwis;  Chemical 
Analyses  by  8,  F.  Peekham;  report  by  P.  L.  Hatch;  and  four  Appendixes. 
Also  in  the  Regents'  Report  for  1879  and  1880. 

The  Ninth  Annt7Al  Rbfort  on  the  Geological  and  Natural  History 
SuRYBT  6f  Minnesota,  for  the  tear  1880.  392  pp.,  8vo.;  thiee  appen- 
dixes, two  wood-cut  illustrations,  and  six  plates.  By  N.  H,  WincheU,  Con- 
taining field  descriptions  of  442  crystalline  rock  samples,  and  notes  on  their 
geological  relations,  from  the  northern  part  of  the  state;  new  brachiopoda; 
the  water  supply  of  the  Red  River  Valley,  and  simple  tests  of  the  qualities  of 
water;  with  reports  on  the  Upper  Mississippi  region>  by  0.  E,  Crarrison;  on 
the  Hydrology  of  Minnesota,  by  C.  If.  Terry;  on  the  Glacial  Drift  and  its 
Terminal  Moraines,  by  Warren  Upham;  Chemical  Analyses  by  J.  ^.  Dodge; 
a  list  of  the  Birds  of  Minnesota,  by  P.  L,  Hatch;  and  of  the  Winter  Birds,  by 
Thomas  8.  Roberts.    Also  in  the  Regents'  Report  for  1879  and  1880. 

The  Tenth  Annual  Refort  on  the  Geological  and  Natural  Distort 
SuRYBT  OF  Minnesota,  for  the  year  1881.  254  pp..  8vo.;  with  ten  wood- 
cut illustrations,  and  fifteen  plates.  By  N.  H.  WincheU.  Containing  field 
descriptions  of  about  400  rock  samples  and  notes  on  their  geological  relations, 
continued  from  the  last  report;  the  Potsdam  sandstone;  typical  thin  sections  of 
the  rocks  of  the  Cupriferous  Series;  and  the  deep  well  at  the  *'C"  Washburn 
mill,  Minneapolis;  with  Geological  notes  by  J,  H.  Kloos;  Chemical  Analyses  by 
J.  A,  Dodge;  and  papers  on  the  Crustacea  of  the  fresh  waters  of  Minnesota 
(eleven  plates),  by  C.  L,  Herrick,  Also  in  the  Regents'  Report  for  1881  and 
1882. 

The  Eleventh  Annual  Report  on  the  Gbolooioal  and  Natural  His- 
tory SuRYET  OF  Minnesota,  for  the  tear  1882.  219  pp.,8vo.;  with  three 
wood-cut  illustrations  and  one  plate.  By  N,  H.  WincheU.  Containing  a  re- 
port on  the  Mineralogy  of  Minnesota,  and  a  note  on  the  Age  of  the  rocks  of 
the  Mesabi  and  Vermilion  iron  districts;  with  papers  on  the  Crystalline  rocks 
of  Minnesota,  by  A.  8treng  and  J.  H,  Kloos;  on  Rock  outcrops  in  central 
Minnesota,  and  on  Lake  Agassiz,  by  Warren  Upham;  on  the  Iron  region  of 
northern  Minnesota,  by  Albert  H.  Chester;  Chemical  Analyses  hjJ.A,  Dodge; 
and  an  Appendix  containing  Minnesota  Laws  relating  to  Mines  and  Mining, 
abstracted  by  C.  L.  Herriek,    Also  in  the  Regents*  Report  for  1881  and  1882. 

n.     FINAL  REPORT. 

The  Geology  of  Minnesota.  Vol.  I.  of  the  Final  Report.  1884;  xiv 
and  697  pp.,  qoarto;  illufitrated  by  43  plates  and  52  figures.  By  N.  H,  WincheU^ 
assisted  by  Warren  Upham,  Containing  an  Historical  sketch  of  Explorations 
and  Surveys  in  Minnesota,  the  general  Physical  features  of  the  state,  the  Build- 
ing stones,  and  the  Greology  of  Houston,  Winona,  Fillmore,  Mower,  Freeborn, 
Pipestone,  Rock  and  Rice  counties,  by  N.  H.  WincheU;  the  Geology  of  01m- 
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LIST  OF  PUBXJOATIOKS, 

Bted»  Dodge  and  Steele  coanties.  by  if.  W.  Harrington;  and  the  Geology  of 
Waseca,  Blue  Earth,  Faribault,  Watonwan,  Martin,  Cottonwood,  Jackson, 
Murray,  Nobles,  Brown,  Redwood,  Yellow  Medicine,  Lyon,  Lincoln,  Big' 
Stone,  Lac  qui  Parle  and  Le  Sueur  counties,  by  Warren  Upham,  Distributed 
gratuitously  to  all  public  libraries  and  county  auditors'  offices  in  the  state,  to 
other  state  libraries  and  state  universities,  and  to  leading  geologists  and 
scientific  societies;  the  remainder  are  held  for  sale  at  the  cost  of  publication, 
18.50  per  copy  in  cloth,  or  $5  in  grained  half  roan  binding,  upon  application 
to  Prof.  N.  H.  Winchell,  Minneapolis. 

m.     XIBClELLAlfBOUB  PUBLICATI0H8. 

1.  CiBCULAB  No.  1.  A  copy  of  the  law  ordering  the  survey,  and  a  note  ask- 
ing the  co-operation  of  citizens  and  others.    1872. 

2.  PicAT  FOB  Domestic  Fuel.    1874.    Edited  by  S.  F.  P&ckham. 

8.  Refobt  ok  the  Salt  Sfbikg  Lands  dub  the  State  of  Minnesota. 
A  hutoiy  of  all  official  transactions  relating  to  them,  and  a  statement  of  their 
amount  and  location.    1874.    By  N.  H,  Winchell, 

4.  A  Catalogue  of  the  Plants  of  Minnesota;  prepared  in  1865  by  Dr. 
L  A.  Lapham,  contributed  to  the  Geological  and  Natural  History  Survey  of 
Minnesota,  and  published  by  the  State  Horticultural  Society  in  1^75. 

5.  CmcuLAB  No.  2.  Relating  to  Botany,  and  giving  general  directions  for 
collecting  information  on  the  flora  of  the  state.    1876. 

6.  CiBGULAB  No.  3.  The  establishment  and  organization  of  the  Museum. 
1877. 

7.  CiBCULAB  No.  4.  Relating  to  duplicates  in  the  Museum  and  exchanges. 
1878. 

8.  The  Building  Stones,  Clats,  Lihbs,  Cements,  Roofing,  Flagging 
AND  Paving  Stones  of  Minnesota.  A  special  report  by  N,  H,  WineheU, 
1880. 

9.  CiBCULAB  No.  5.  To  Quarrymen  and  Builders.  Relating  to  the  collection 
of  two-inch  cubes  of  building  stones  for  physical  tests  of  strength,  and  for 
chemical  examination,  and  samples  of  clay  and  brick  for  the  General  Museum. 
1880. 

10.  CiBCULAB  No.  6.  To  owners  of  mills  and  unimproved  water-powers. 
Relating  to  the  Hydrology  and  water-powers  of  Minnesota.    1880. 
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